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1 7 being an uſual Complaint with 895 
whoare unacquainted with Geometry, 

that they are diſcouraged by the Mathe- 

matical Demonſtrations, 1077 peruſing ng 

Books of Natural Philoſophy; I ab. 

prebended that ſome Papers I ad drawn 
up. for the Uſe of my Pupils in the , 

He, would not be altogether. un- 


acceprable, if publiſbed in ſuch Form, 


that... the Propoſitions, or Fulſtance of 

the Bool, might be read without Inter- 

ruption from the Mathematical Demon- 
frrations. And therefore after a large 
Explanation, and ſometimes an 1, 2 

* tration alſo, of the Particulars, as oc- 
caſiom ſeemed moſt to require, I have 
endeavoured to ſhew the Truth of them, 

in a familiar and popular Monnes, 

without Geometry, ” way of Text: 

A | And 


—— 


e. 


And for the ſake of thoſe who are Skil. 
led in Geometry, have added the De- 
monſtrations, with ſome occaſional Ne- 
marks, by way of Notes. And whereas 
the Writers on this & ubjecl have appro- 
priated to themſelves a Stile too techni- 
cal for Beginners, I have, in hopes of 
being more eafily under od, ſometimes 
thee a different Method of Expreſſis N. 
though perhaps not /o'a accu rate. 


In the Introduction to. 25 frft Patt, 
orice is taken of the Method of Philo- 
ſophiſing made Lie of by Des Cartes, 
and others before him; 5 far as the 
Deſgn of this Compendium required. 
T all add Fere a few Conſiderations 

relating to the id Wore prevails 
at this Time. 

In the preſent M 1750 of Philoſophi- 
Ang, all Matter is confidered (with 55 
peft to its Subſtance) as homogeneous, 
or of the ſame Kind; and no other Caufe 
0 or — of Aftion in Matter is al- 

lowed 
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lowed of, but what is well eftabli Wes by 
Facts. 

Some Philoſophers admit W 
Fire, as they call it, among their Prin: 
ciples; or which comes to the ſame thing, 
they confider Fire as endowed with ac- 
tive Powers diſtinct from thoſe of other 
Matter. Keill, in his Letter to Dr. 
Cockburn, De Legibus Attractionis, 
aliiſque Phyſices Principiis, * uſe 
of three Principles, viz. Empty 
Space. 2. The infinite Diviſibility of 
1 — 3. The Attraction of Mat- 
ter. And affirms, that ;oll Phy ſics 
depend; thereon. 

The firſt of his Principles the Reade 
may perhaps think ridiculous ; but he 
may conſider, that at that time of Day, 
the Wotion of a. Plenum was not wholly 
exploded : The laying down Empty Space 
as a firfl. Principle, was only calling 
out for Elbow-Room and a clear Sta 
But not to trouble the Reader 


with, what others. have done, ul have 
| 4 A 2 C choſen 
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choſen and every where fluch to three; 
and as oft as a Phænomenon occurred, 
which I could not account for by thorn, 
T have given it up as a Difficulty ; not 
defpairing, but that when all the Cir- 
cumſtances of the Phenomenon ſhall be 
thoroughly known, they alone may be 
found ſufficient. It Jeems not confi, 72 
with the Regard a Philoſopher ſhould 
have to the Uniformity of IN, ature, eve- 
y where obſervable, to call in a new 
Principle at every knotty Point. Foy 
which T make uſe of are, 

 Firft, Attraction of Gravitation. 
That is, a Diſpoſition in Bodies to move 
towards each other, even when at great 
* A- aſunder. 

Secondly, Attraction of Coheſion. 
has is, 4 le Diſpoſition in Bodies to 
move towards each other, but di Pint? 
| from the former, in as much as it is 
obſerved to take Place only when the 
B odies are very near together. 


N Repulſi d or a Di iſpofetion 


in 
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in Bodies, whereby in ſome. Cafes they 
endeavour to avoid, or ht from each 
other. 

The firſt of theſe is Miter of. Al | 
Geer wn Thus, a Ball let go from | 
the Hand falls to the Ground. © 

The ſecond may be ſeen in the follow- 
ing Inſtance. 2 ſmall Portion of a 
Fluid forms itſelf into a Sphere or Drop: 
Which can only happen from-a Diſpofi- 
tion in the Particles of which it conſiſts, 
to come as near as poſſible to each other. 


As inſtance of the thi rd is tbis. If © 
Air incigſed in a Bladder, be ſquees? 3 
into a leſs Compaſs, the Air within, when 
the Preſſure is taken off, reſtores the 
Bladder to its former Size : A plain In- 
dication that the Particles of which the 
Air confifts, endeavour to avoid or 2 
from each other (a). 


. Theſe Diſpofitions in Badies are not 
the Reſult of any Mechanical Cauſe 


(a) See another Inflance N Diſpefition, in Part Ul. 
Page 161, Note m of this Compendium. 


whatever ; s 
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whatever; that is, ſuch as may ariſe 
from the Effluvia of Bodies, or the Ac- 
Aon of any other material Subſtance: (b): 
They are therefore the Act of an imma- 
terial Cauſe, in Yirtue of which inac- 
tive Matter performs the Offices for 
which it was deſigned. 
From 


b) Demonſtration. In the firſt Place it is tuell known, 
that if Gravity ads upon Bodies with the ſame Degree 
of Intenſeneſs, whether they be in Motion or at Reſt ; it 
may be demonſtrated that Bodies, when projected, will de- 
ſeribe Parabola's; and that when vibrating in Cycloids, 
their Vibrations will be iſocronous, Sc. In the next Place 
it is as well known, that Bodies when projected do deſcribe 
Parabola's, and that when vibrating in Cycloids, their 
Vibrations are iſocronous, &c, From which two Propo- 
ſitions it demonſtratively follows, that if Gravity be the 
cauſe of the abovementioned Effects, it muſt act upon Bo- 
_ with the ſame Force, whether they be in Motion or at 
Again, it is well known, that if Attraction of Cohe- 
ſion as upon Rays of Light, with the 2 Degree of 
Intenſeneſs, whatever be the Velocity they move with; 
it may be demonſtrated, that the Ratio £4 the Sine of the 
Angle of Incidence to the Sine of the Angle of Refratt- 
ion, will be given. But in Refraction of Light, the 
Ratio of thoſe Sines is given in Fat; if therefore At- 
traction of Coheſion be the Cauſe of the Refraction of 
Light, it muſt act upon Rays of Light with the ſame In- 
tenſneſs, whatever Velocity they move with. © 
But no Effluvia of Bodies, no material Subſtance, and 
in hort no material Cauſe whatever, can ad with the 


0 ſame 
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From the fir ft and third Principle (c), 
together with the Properties of Matter 
enumerated in the firſt Chapter of - this 
Compendium, which Properties muſt 
be always underſtood, the Elaſticity or 
Spring of the Air, and'from' thence the 
Mature and Propagation of Sound are 
accounted for. And from the Spring 
of tbe Air confidered as being augment- 
ed by Heat, and diminiſhed by Cold, àt 


x % 


Jame Tntenſeneſs, or haue the ſame 7757 upon 4 Body in 
Motion, as upon the ſame Body at Reſt; becauſe as it is 
very woell known to Mat hematicians, to whom 1 addreſs this 
Note, Body can only act upon Body, according to the Sum 
or Difference : 8 their Mot ions. It remains therefore, that 


« „% 


Propoſition to be demon/trated. Nein 
As to the other Diſpoſition in Badies, their Repulſion, 
ſince Rays of Light are alſo affected by it, as it appears th, 
are by an Experiment of Sir Iſaac Newton's, referred to in the 
foregoing Note, it may very reaſonably be ſuppoſed, though 
we unf at preſent know the exuct Law of its Attion, to 
affect Bodies in Motion after the ſame Manner. that it 
would de the ſame at Reſt, aud that it therefore is alſo, the 
Reſult of no material Cauſe whatever. . US 
(e) The Law, or Manner wherein theſe Principles are 
obſerved to att in different Circumſtances, are determined 
from Facts, in Part I. ho 3. We Law of the\thifd, 
- ſo far as it relates to; the Air, will be found in Part II, 
Chap. 3. of this Compendium. ca 


£ 


it 


viii PR E FA CE. 


it is obſerved to be, and the Airs being 


at the ſame time affeGed by the firft 


Principle, the Phænomena of the Winds 
are explained. By the ſecond Principle, 
the Cobeſim of Matter, the various 
Degrees of Hardneſs obſervable in it, 
the "Diſſolution. of Bodies by Fluids, 


with other chemical Operations; and in 


particular the Phænomena of Fermen- 
tation, and conſequently..the Cauſes of 
Thunder and Lightning, &c. By this 
Principle alſo the riſing of Fluids in 
ſmall Tubes, and from thence the aſcent 
of. Sap in Vegetables are accounted for; 
all which Particulars, except the two 
firſt, are treated of in the ſecond Part 
of this Compendium: as alſo the Re- 
fraction of Light, and conſequently all 
that Train of Phenomena depending 
thereon, which is the Subject of the 
third Part. By the firſt Principle, the 
ſeveral e relating to falling 
Bodies, and to the Motion of Projec- 


n together with the Doctrine of 
Pendulums, 
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Pendulums, (treated of in the fir ft) and 
likewiſe all thoſe which relate to the 
Preſſure of Fluids, (treated of in the 
ſecond Part) are determined. And above 
all is deduced that moſt curious Doctrine 
of central Forces, juft touched upon in 
the firſt, but largely and fully explained 
in the fourth Part, by which (aſſuming 
that the heavenly Bodies were at . firſt 
put into. Motion by their Creator) we 
are enabled to aſign the Cauſe: of the 
Continuation thereof, with all its Mo- 
difications and Irregularities; to deter- 
mine the neceſſary Shape of thoſe Bo- 
dies; and to account for the ebbing and 
flowing of the Sea, &c. Difficulties, 
too great ſeemingly for human Reaſon 
o ſurmountl 5 1 
Some of the Phænomena which I have 
not been able to givea ſatisfaftory Actount = 
of, from the abovementioned Principles, 
are the Reflection of Light, its Emiſ- 
fron from luminous Bodies, and the For- 
mation and Aſcent of Vapour. This . 


* may 


er 

may be is only owing to the want 
of better Acquaintance with the Cir- 
cumftances of thoſe Phænomena; that 
is, more ſufficient Data, or Facts to 
found their Solution upon So that we 
are not to conclude immediately, that 
the Principles are inſufficient; but ra- 
ther to wait with Patience: The Dili- 
gence of others may render that eaſy, 


which our utmoſt Efforts at preſent are 
not able to ſurmount. bar 


However, as a Reader unacquainted 
with Studies of this Kind, may wonder 
that ſo many of the Phænomena or Ap- 
pearances of Mature, ſhould be atcount- 
ed for by fo few Principles; and becauſe 
it may be a Means of giving him ſome 
Inſight into the Subject of theſe Sheets, 
T will here lay dewn the following Pro- 
pofetions, which are immediately dedu- 
cible from the Principles, and alſo near- 
ty comected with the Phænomena 10 
be accounted for by them; by means of 
<8 which, 
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which, he will more readily perceive the 
Connection or Relation between the one 


> 
| Sy | 
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Matter being an «native Subſtance, 
is utterly incapable of putting itſelf in- 
to Motion in any Direction whatever; 
and will therefore in all Caſes move, 
or endeavour to move in that Direct- 
ion only, in which it is urged with the 
greateſt Force. 


Hence we have the true Idea of the 
Gravity or Weight of Bodies belong- 
ing to the Earth. Bodies are, here, 
by Virtue of the firſt Principle, attrac- 
ted towards the Sun, the Moon, the ref 
of the Planets, and the Earth; but to- 
wards this laſt more ſtrongly than to- 
wards any of the reſt; and fa they tend, 
gravitate, or are heavy Zowards' that. 
The Reaſon that they are attrafted more 

nag" Foray 
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forcibly towards the Earth, than towards 
thoſe other Bodies, is, that although it 
be one of the Laws of the fir t Princi- 
ple, that it operates according to the 
Quantity of Matter in Bodies, and 
therefore the Attraition of the Sun 
ſhould be the moſt prevalent, in as much 
as that Body contains the moſt Matter; 
yet it is another Law of that Principle 
or Diſpoſition, that it acts more ſtrong- 
ly according to the nearneſs of Bodies to 
each other: This latter Conſideration in 
the preſent Caſe, overbalances the for- 
mer; and ſo the Bodies about us tend 
towards the Earth, 
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If a large round Body be covered 
every where with ſmaller ones to an 
equal Height or Diſtance from its Sur- 
face; and if thoſe ſmaller ones tend 
towards the large Body, by virtue of 
the firſt Principle, and are, at the ſame 
| 1 time, 
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time, diſpoſed to fly from each other 
by virtue of the third; and ſuppoſing 
farther, that when they touch or are 
very near each other, their Diſpoſition 
to avoid each other exceeds their Ten- 
dency to the large Body, and when 
they are at a certain greater Diſtance 
from each other, that Diſpoſition is 
leſs than their Tendency to the large 
Body: Then will thoſe ſmaller Bodies 
keep at certain Diſtances from each 
other, and conſtitute an elaſtic, com- 
preſſible Subſtance ſurrounding that 
large Body, gravitating towards it on 
all Sides. 


Hence an Idea of the Mature and 
Condition of the Atmoſphere ſurround- 
ing the Earth, with all its Proper 


ties. 
N. B. hen I jay a Body tends go 
another, I don't mean that it moves ro- 
wards it, but only that it would move. 
towards it, if nothing prevented. Thus, 
@ Bird while mounting aloft into - 4 
In, 
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Air, tends towards the Earth, as much 
as one that is falling down; for the one 
would fall as well as the other, if no- 
thing prevented. 


on III. 


If, while the abovementioned ſmal- 
ler Bodies are in the State ſuppoſed in 
the foregoing Propoſition, any one, or 
more of them, be made to move, (ſup- 
poſe for Inſtance half way) towards the 
next, it will by virtue of the third 
Diſpoſition, drive or impel thoſe it 
comes nearerto, cloſer together; which 
Bodies, when that other moves back 
again (as it will immediately do, 
being . repelled by them) will re- 
cede from each other again: That 
is, a kind of tremulous Motion will be 
communicated to them by that other, 
and for the like Reaſon, b eh to the 
next; and ſo on 8 the whole, 
or at leaſt to a great Diſtance from 
where it began. Hence 
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Hence we may form an Ide 80 
Sound is excited by ' the Tremors of a. 
Body during its V — n ge 
gated through the Air. | 
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One of the Laws by which BY be. 
cond Principle is obſerved to act, is, 
that Bodies act upon one another, not 
in Proportion to the Quantity of Mat- 
ter they contain, as by the firſt Princi- 
ple; but wy according to the Breadth 
of their Sur 
the Surface of one Body to thay W's ano- 
ther. 


4 


2% age 
From hence we may underſtand, 
that ſuch Particles of Bodies us art 
flat or ſquare, and jo fituated anions 
each other as to touch, or be very ear 
one another in many Points, will con- 
fitute what we call an hard Body, 


ces, and the. nearneſs of 


and 
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and thoſe Particles which are more 
round, or ſo fituated that leſs Portions 
of their Surfaces are near together, 
will attract one another with a leſs 
Force, and ſo form a ſofter Body; 
thoſe which are round, or nearly ſo, 
will attract one another ftill leſs, " 


alſo flide more eafily over one another, 
and ſo form what we call a fluid "__ 


eo nds. V. 


When two Bodies meet together, if 
the Particles which conſtitute the one, 
be diſpoſed, by Virtue of the ſecond 
Principle, to move towards thoſe of the 
other with a greater Degree of Force, 
than the Particles of either Body are 
diſpoſed to move towards themſelves; 
_ thoſe of the farſt will leave it, and run 
in among thoſe of the ſecond: And for 
the ae, Reaſon, thoſe of the ſecond 
will ſever from that, leave it and enter 
in between thoſe of the firſt. And if 
HIM the 
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the Motion with which this is done, 
be very violent, and the Bodies be of 
the inflammable Kind, their Particles 
by thus rubbingand claſhing one againſt 
another, will be ſufficiently heated to 

take Fire, and will burſt out into Flame. 


Hence Diſſolutions, Fermentations, 
Exploſions, Eruptions of Vulcano's, 
Thunder, 'Lightning, Aurora Borealis. 
With all other Phænomena of that 
Tribe. 


ProrosITION, VI. 


17 a Pipe, open at both Ends, and 
of a very ſmall Bore, have one End 
dipped into Water, the Water will run 

up into the Pipe above the Surface of 

the Water on the outſide (being drawn 
up by the Tendency it has by the 
ſecond Principle 'to that Part of the 
inner Surface of the Pipe, which is 


juſt above it, as it riſes) till that inner 
| b . 
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Surface which is ſtill juſt above it, be 
loaded with as great a Weight of 
Water, as that Tendency can ſupport. 


Hence a right Motion of the Aſcent 
of Sap in Vegetables; the Suction of 
Fluids by Spunges: Witb all other 
Phznomena reducible to that Head. 


ProrosITION VII. 


If a Body moving right forwards, 
but obliquely with reſpe&t to the 
Surface of another Body, at length 
comes ſo near that Body, as to be diſ- 
poſed by the ſecond Principle to tend 
towards it; inſtead of continuing to 

go right on, it will turn out of its Way 
towards that Body, before it comes at 
it; and conſequently will ſtrike or en- 
ter it in a nearer Place, and in a leſs 
oblique Direction, than it would have 
done, in caſe it had gone right on. If 
it enters the Body, it ſtill keeps turning 


out 
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out of its Courſe the ſame Way as be- 
fore, till it has got ſo far within it, that 
there ſhall be as many Particles of the 
Body behind it to attract it backwards, 
as there are before it near enough to 
attract it forwards: After which it goes 
right on in its laſt acquired Direction, 
till it comes near the other Side; for 
while it is ſurrounded with as many 
Particles to attract it one way as 
another, it is the ſame thing as if it 
were not attracted at all. When it has 
got ſo near the other Side, that there 
are fewer Particles before it to attract it 
forwards, than there are behind it, near 
enough to attract it backwards, it then 
begins to turn out of its Courſe towards 
the inſide of the Body; that is, from that 
Side of the Body towards which it is 
going; and continues to bend its Courſe 
the ſame Way, till it has got ſo far 
out of the Body, that there are no 
Particles of the Body behind it, near 
enough to it to attract it any more. 

ba After 
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After which it purſues an undiſturbed 
Courſe in the Direction it acquired laſt 
of all. 


Hence we have a juſt Idea of the 
Refraction of Light with all the Phæ- 
nomena ariſing therefrom ; which are 
no other than ſo many Caſes of this 
Propoſition. 


PRO POSITION VIII. 


If ſeveral Bodies be moving right for- 
wards, and at length be attracted by 
another Body, as ſuppoſed in the fore- 
going Propoſition, but ſome with 
greater Degrees of Force or Intenſeneſs, 
than others; thoſe which are attracted 
with the orcateſt Force, will turn the 
fartheſt out of their Way towards that 
Body; and conſequently it all of them, 
before this happened, were moving in 
one Direction, they will be made to 
part from each other, and move dif- 
ferent Ways. 

Hence 


Hence an Idea of the different Re- 
frangibility of the Rays of Light. 


PrRoPoSITION IX. 


If a Body be made to move from 
8 Body, towards which by the firſt 
Principle it tends, its Motion will be 
retarded continually; that is, it will 
move ſlower and {lower: If it moves 
towards that Body, its Motion will be 
, continually increaſed ; and unleſs it be 
made to move directly to or from it, 
its Courſe will always keep bending 
towards it, ſo that it ſhall deſcribe a 
Curve, concave, or hollow, on the 
Side next the Body. 165 


Hence all the Phænomena of falling. | 
Bodies, and f Projectiles. | 


PrRoOPOSITION 


oh 
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PROPOSITION X. 


If a Body, that by the firſt Princi- 
ple tends towards another Body, moves 
towards it on the Surface of an incli- 
ned Plane, its Motion (as in the fore- 
going Propoſition) will be continually 
increaſed; and if it moves from it on 
the ſame Plane, its Motion will be re- 
tarded continually, but leſs in Propor- 

tion to the Obliquity of the Plane: 
(that is, leſs in Proportion as the Plane 
deviates from the Perpendicular) the In- 
terpoſition of the Plane preventing in 
ſome Meaſure the Effect its Tendency 
to the other Body, would otherwiſe pro- 
duce. And the Velocity it acquires by * 
rolling down one Plane, will by virtue 
of its Inactivity, or that Diſpoſition 

Bodies have to continue their State of 
Motion or Reſt, inable it to roll up 
another fitly diſpoſed, 


Hence 
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Hence the Solution of the Phæno- 
mena of Bodies deſcending. on inclin- 
ed Planes, and. the Vibmuben with Pen- 
dulums. 5 141 0 1 125110 


PRO OSIT ION XI. 


If a Body ated upon by the firſt 
Principle, move to, or from another 
Body with a competent Degree of Ob- 
liquity and Velocity, it will move quite 
round the other Body without touching 
it at all, returning to the Place from 
whence it ſet out: In which Caſe it 
will revolve round it over and over 
again in the ſame Path; for being in 

different either to Motion or Reſt, al 
meeting nothing to take off from, or 
diminiſh. its Motion, it will have the 
ſame Tendency to move on after any 
one Revolution, as it had at firſt, 


Fro 


— ————————— = 0 
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* 


xxioꝰ PREFACE. 


From Be we have the Solution of 
4 Motion of the primary Planets 
round the Sun, and of the Mn, 
ones round the Primary. 


PrRorOSITION XII. 


If a Body be revolving about another 


#8] in the laſt Propoſition, and a third 


Body approaches them, towards which 
they both ſhall alſo tend, the Motion 
of the reyolving Body will be diſ- 
turbed: That is, its Path will be al- 


tered, and Irregularities in its Courſe 


will enſue its Tendency to that 


third Body in ſome Parts of its Courſe 


conſpiring with, and in others being 
oppoſite to its own Motion. And not 
only ſo, but the Tendency it has to 


the Body about which it revolves, will 


in ſome Situations be increaſed, aud ! in 


others be diminiſhed by the Action of 


the third; which Thing alſo conduces 


towards altering its Courſe. 
Hence 
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Hibied the Lunar Beppe and 
all other Diſturbances in the Motion 
of the Heavenly Bodies on their 1 
near nne zowards 50 orber. | 


Pnorosipion”? XIII. 
Imagine a large Body cover 4 all 


over with ſmaller ones — to its 
Center: Suppoſe alſo a diſtant Body, 
towards which they all tend, but 
little ones with leſs Degrees of N 
than they do towards the Body they 
touch. Then will ſuch of - thoſe 
ſmaller Bodies, as are neareſt the diſ- 
tant one, loſe Part of their Tende 
to the Body they touch; and 0 will 
thoſe ſmaller ones which are fartheſt 
off, or placed on the oppoſite Side the 
large Body. But, as to thoſe ſmaller 
Bodies, which are at the ſame Diſ- 
tance from the diſtant Bod y with the 
Center of the large Body itſelf, their 
| "3 Tendency 


Kresse 
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Tendency to the Body they lie upon, 
will be increaſed. The reſt will have 
their Tendency increaſed or diminiſhed 
more or leſs, according to their Near- 


neſs to thoſe whoſe Tendency is in- 
creaſed or diminiſhed. (d) 


Hence ariſes the bid in the 
Weights Bodies have upon the Earth's 
Surface, at | the Approach and De- 
parture of the Heavenly Bodies, (but 
chiefly of the Moon,) to or from that 
Side of the Earth where the Bodies are; 
and conſequently the ebbing and flowing 
of the Sea, the Water riſing where its 
Height or Tendency to the Earth is di- 
muniſhed, and e at the Jame Time 
in thoſe Places where its Weight is aug- 
mented. That the Approach and De- 
parture of the Moon ſhould cauſe a great- 
er Difference in the Weight of Bodies 
on the Earth, than, the Approach and 


(d) What is affirmed in this and the foregoing Propoſition, 
depends on a Train of Reaſonin 7 too long to be 2 | 
To ungeritand'it'throughly, read Chapters the 18th and 19th of 
Tan * 88 


Departure 
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Departure of the other H. eavenly Bodies, 
is owing to the nearneſs of the Moon to 
the Earth ; which Conſideration in this 
925 dere the Conſideration of her 

mallneſs,' the above- mentioned E fects 
2 in a great Meaſure, on the' 
Proportion the Diameter of the Earth 
bears to the ere of he "HEY | 
Bodies. | | 


2 
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If a Body, whole Parts Gin: to the 
Center thereof, conſiſts wholly of a 
Fluid, or be partly ſolid and partly 
fluid, provided ſome of the Fluid be 
at the Surface, and very diſtant Parts 
thereof communicate with each other; 
and the Body have no Motion about 
its Axis, it will ſettle into a ſpherical _ 
Form, the mutual Tendency of its 
Parts towards each other, contracting 
it into the leaſt poſſible Shape. But 
if it revolves about its Axis, all its 
e Parts 
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Parts will endeavour to fly off from 
that Axis; but ſuch as are fartheſt 
from the Axis, more than the reſt: 
Conſequently thoſe Parts in its Surface, 
which are the fartheſt from the Ex- 
tremities of that Axis, being alſo far-. 
theſt from the Axis itſelf, will have a 
greater Endeavour to fly off, than 
ſuch as are nearer thoſe Extremities ; 
beſides, as is evident, the former will | 
endeayour to fly off directly from the 
Center, but the latter not ſo. The 
abovementioned Endeavour therefore 
in the former will take off a much 
greater Degree of their Tendency to 
the Center than the Endeavour of the 
latter will; and ſince the ſame may 
be ſaid of aſe which are at any other 
aſſignable equal Diſtances from the 
Center, all thoſe which lie between 
the Center of the Body, and fuch, as 
are fartheſt from the Extremities of 
the Axis, will have their Tendency to 


the Center much more Jiminiſſed, 
| than 
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than thoſe will, which lie between 
the Center and the ſaid Extremities: 
Theſe latter Parts therefore will preſs 
in towards the Center, overbalance the 
former, and raiſe them to a greater 
Diſtance from it than they were at be- 
fore, reſtoring thereby an Equilibrium 
of the Parts of the Body one among 
another. On which Account the Body 
will aſſume a flattiſh or oblate Form. 
That is, ſuppoſing Lines drawn thro' 
the middle of the Axis at right Angles 
therewith, thoſe Lines will be NY * 
and che Arn _— be thorten d. 


| Hence the Fi igures of: the Hearenly 
Bodies. | 2 m_ 
PO 110A XV. 5 
| 10 — ' ' "; x R * 
The 1 or Force wherew.ith a 
Body in Motion endeavours to i 
forwards, depends not only on 
Quantity of Matter in that Body, but 
| om 
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likewiſe on the Swiftneſs theBody moves 
with: Thus, the Stroke of an Hammer 

is not only according to the Bulk or 
Weight of its Head, but is alſo accord- 
ing to the Swiftneſs of the Motion it 
{ſtrikes with. It therefore two Bodies 
of equal Quantities of Matter, be ſuſ- 
pended at the Ends of a Lever of equal 
Arms, each of them when the Lever 
turns on its Center, having equal De- 
grees of Swiftneſs or Velocity, will 
therefore have the ſame Impetus or 
Force whereby they endeavour to pro- 
ceed (being in like Circumſtances with 
reſpect to both thoſe things, which 
alone can give the one a Force or Ten- 
dency to move on with, ſuperior to the 
other) and conſequently neither of them 
will pre- ponderate. If one of the 
Bodies be larger than the other, the 
larger Body having the ſame Velocity 
with the other, but more Matter, will 
have the Advantage, and preponderate. 


If the Arms of the Lever are unequal, 
and 
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and the Bodies equal, that Body which 
is at the greateſt Diſtance from the 
Center of Motion, moving the quickeſt, 
will have the Advantage over the other 


that way, and overpoiſe it. So that 


the leaſt Body or Power, imaginable, 
may be made to equiponderate, over- 
poiſe, or keep in Motion the greateſt, 
by being applied to ſuch a Machine, 
and in ſuch Manner, that when the 
Machine moves, what it wants in 
Weight or Force, may be made out 
by the Velocity it has, compared with 
the Velocity the Body has at the ſame 
Time, which is to be equiponderated, 
over poiſed, or moved by it. 


This holds equally in all Machines, 
and is the Fou ndation of their TO 
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Imagine the Surface of a large —_ 
Body to be covered every where, or in 


ii N E F A C R 


Part, with ſmaller ones to an equal 
Height, and that theſe ſmaller ones 
od towards the large Body by the 
firſt Principle; imagine alſo the whole 
| Maſs of ſmaller ones divided into Co- 
lumns reaching from top to bottom; 
thoſe Columns, 1f their Baſes be equal, 
will equiponderate, or be an equal 
Counterpoiſe to one another; and fo 
they will, if their Baſes be unequal: For 
in this Caſe the Columns being of un- 
equal Size in Diameter, if a lar- 
ger Column ſubſides, the lower Parts 
of that Column (to find Room for 
themſelves] will raiſe a ſmaller Co- 
lumn farther than the larger one ſet- 
* tled in the ſame time, and in ſuch 
Proportion that, what the little Co- 
lumn wants in Weight, will be made 
out to it in Velocity; and conſequent- 
ly, according to what was ſhewn in 
the foregoing Propoſition, the little 
Column will be a Juſt Balance to the 
162 | Farther 
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N. arther, if in the abovementioned 
poſition, there be a Body among 
yt ſmaller ones, heavier than a 
Bulk of them equal to its own mou 
a Column of. which that, Body is 
Part,, will be heavier than any e 
Column of an equal Baſe; it will 
therefore ſubſide, permitting the Body 
to come to the Bottom: if the Body 
be lighter than a Bulk of the ſmaller 
ones equal to its on Bulk; a Column, 
of which it makes a Part, will be 
lighter than any other; the Body 
therefore will be buoy d upwards, till 
it riſes ſo far out above the Surface, 
that it, together with the Column be- 
lou it, may be a Counterpoiſe to ano- 
ther Colu mn of equal Baſe. 3 


Hence be Effects of the Preſſure of 
Fluids a pon one another, and upon So- 
lids i9merſed in them. | | 


* | Pro 
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PROPOSITION XVII. 


Imagine the Surface of a large 
round Body cover'd every where, or 
in Part, with fmaller ones to an ould 
Height ; and that theſe ſmaller ones 
tend towards the large one by the firſt 
Principle, and that they are at the 
fame time diſpoſed to' fly from one 
another by Virtue of the third, conſti- 
tuting thereby an elaſtic Subſtanee - 
ſurrounding that large Body, as in 
Propoſition the ſecond; and let them 
be divided into Cillinins: as in the 
laſt Propoſition. And let it be far- 
ther ſuppoſed, that the Diſpoſition in 
thoſe ſmaller Bodies, whereby they 
endeavour to depart from each other, 
is capable of being increaſed by Heat; 
and that at the Bottom of ſome of 
theſe Columns, that Diſpoſition is ac- 
tually increaſed, but no where elſe, 


or at leaſt not in ſo great a Degree: 


then 


then will the Bodies, where that Diſ- 
| poſition is increaſed, diffuſe them 
ſelves into a larger Space, and ſo tak- 
ing up more Room than an equal 
Number in the neighbouring Columns, 
a Column of which they are a Part, 
will become lighter than a neighbour- 


ing one of an equal Baſe. For, fince 
the Bodies in the lower Parts of this 


Column, are more diſtant from each 


other, than ſuch as are in other Co- 
lumns, this Column cannot contain ſo 
many of them; that is, it cannot be 
ſo heavy as another of equal Baſe, un- 
leſs it be longer; that is, unleſs the 
uppermoſt Parts thereof ſtand out 
above the Tops of the neighbouring 
Columns; but this they will not do; 
for by Virtue of the Tendency thoſe 
Parts have to the large Body, they 
will immediately (like Water raiſed 
above the Banks, which before con 
fined it) ſpread themſelves every Way. 


This Coty mn theretore, which, ac- 
d 2 cording 
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cording to the foregoing Propoſiton, 
before this happened, was a Counter- 
poiſe to thoſe, which are round about 
it, being now become lighter, is no 
longer ſo. The Conſequence of which 
is, that the lowermoſt Parts of the 
neighbouring Columns, will preſs in 
under this from all Sides to reſtore the 
Equilibrium. Neither can the Equi- 
librium be reſtored, ſo long as the 
Place we have been conſidering re- 
mains hotter, than thoſe which are 
round about it. For, ſince the Bodies, 
that come in, will ſpread themſelves 
into a larger Space by Means of the 
Heat they receive there, and fill up 
more Room, than the like Number in 
another Column of equal Baſe, the 
Column to which they belong, will, 
for the Reaſons abovementioned, al- 
ways be lighter than another of equal 
Baſe. And conſequently, according 
to the Tenour of the foregoing Pro- 
poſition, the neighbouring Columns 
will 
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will overpoiſe it, whatever Dimenſions, 
as to their Baſes, we ſuppoſe them to 
be of. 


Imagine the like to happen to a Co- 
lumn or Columns of the Earth's At- 
moſphere, and the lower Parts of the 
neighbouring Columns ruſhing in ac- 
cordingly at the Bottom from all round, 


and you have an adequate Idea of the 


Cauſe and Nature of . the Winds; 
every Stream of the Particles of the 
Atmoſphere ruſhing in, as above, being 
a diftint Wind blowing from that 
Point of the Compaſs from which they 
come. And, if you conceive the Center 
of that warmer Space to ſhift its Place 
variouſly upon the Surface of the 
Earth, you then get the Idea of the 
ſeveral Sorts of them, as the Trade 
Winds, Monſoons, &c. For Inflance, 
if it ſhifts regularly along the ſame 
Path, it cauſes Trade Winds ; if now 
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forwards, and then backwards, Mon- 
7 0075s, &c. | 


Theſe are the Principal Phænomena 
in Natural Philoſophy that are inde- 
pendent of each other ; the reſt are for 
the moſt Part, no other than ſo many 
| particular Caſes, Circumſtances, or 
| ; Conſequences of theſe, or, in ſbort one 
| y or other related to them. For the 
| Solution, of which I refer the Reader 
to the Book it ſelf. 


From à due Confideration of the 
Propoſitions here laid down, the Reader 
will be able to form a true Judgment of 
the Mature and Buſineſs of Natural 
Philoſophy; will fee the Uniformity 
and Conſiſtency of the ſeveral Parts 
thereof with each other, and therein the 
wonderful Wiſdom and Contrivance of 
the ſupreme Being, in choofrng ſo ſhort - 
and eaſy a Method of producing fo 


great @ Variety of Effects. 
Sg 4 There 
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There is one Thing more 7 hink 
proper to be talen Worice of, before * 
put an End to this Preface ; viz. That 
it has been ' a flanding Objection a- 
gainſt all Natural Philoſophy in gene- 
ral; that whereas it aſcribes Effects to 
natural or mechanical Cauſes, acting 
by fixed and unalterable Laws, 1 
therefore excludes à Providence and the 
immediate Care and Protection of the 
ſupreme Being, making him no other 
than an Tale Wan, of Things here 
be SO. 4 $4 32 Bk 

In ae to this, it is to be ame 
Arnd f in the fir ſt Place, hat the Prin. 
ciples of the Philoſophy which ir not 
received, are ſo far from being mecha- 
nical Cauſes, \at leaf} theſe which are hers 
made Uſe 55 that, as above 28 0 
Arated, they are the very Reverſe ; ami 
conſequently can be no other than the com 
rinual acting of God upon Matter, 
either mediately or immediately.  Sints 
d then 
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then Natural Philoſophy, by accounting 
for the Phænomena of Mature by thoſe 
Principles, tends to ſhew the Reality of 
' them; it is evident that it is ſo far from 
excluding the Deity from being concern- 
ed in the Affairs of this World; that 
it tends to demonſtrate that none are 
performed without his Order and Di- 
rectian. Meitber, ſecondly, does Na- 
tural Philoſophy inculcate, that the 
Laws by which thoſe Principles act, are 
fixed and unalterable : The Accuſation 
is therefore foreign. But to confider 
this Matter a little more particularly. 
M ben, in Natural Philoſophy, a 
Principle is ſaid to af according to a 
particular Law, the Meaning is not, 
that it afts neceſſarily and unalterably 
fo; but only, that it does ſo ordinarily, 
and in common Caſes. Doubtleſs the 
Author, both of Matter and of thoſe 
very Principles by which it acts, can 
at any Time, inthe Room of its ordina- 
ry Opperation, ſubſtitute a different 


one 
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one, and by that means produce Effects 
contrary to the common Courſe of Ma- 
ture, whenever he ſhall think proper. 
That he has done ſo, when-wiſe Ends re- 


quired jt, appears from Hiftory. That 


it may be done a Thouſand Ways, un- 
perceived by us, is evident; the Ope- 
ration of natural Cauſes (as they are cal. 
led) being to us almoſt always out of 
Sight. For Inflance, though Light- 
ning may be accounted for by theſe Prin- 
ciples; and in all Probability is. ordi- 
narily the Reſult thereof; yet who will 
affirm, in any particular Caſe, that 
thoſe Principles formed that very Light- 
ning, or that its Courſe was diretted by 
them? Upon the whole therefore, to pre- 
ume, that the ordinary and common 
Courſe of Nature is not ſometimes al- 
tered, is haſty and unwarrantable. 
| a 
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The INTRODUCTION! 


10 wild and extravagant have been the 

Notions of a great Part of Philoſophers, 
both Ancierit and Modern, that it is 
Ws hard to determine, whether- they have 
been more diſtant in their Sentiments from 
Truth, or from one another; of have not ex- 
ceeded the Fancies of the moſt fabulous Wri- 
ters, even Poets and Myt iſts. This was o- 
ing to a precipitate Proceeding in their ſearch- 
ing into Nature, their neglecting the Uſe of 
Geometry and Experiment, the moſt neceſſary 
Helps to "ah finding out Cauſes; and Pepper 
; tioning. them to their Effects. | 


Tur Manner of Philoſophizing among the 


Ancients was to aſcribe to Bodies certain arbi- 
A trary + 
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trary Properties, ſuch as beſt ſerv d their Purpoſe 
in accounting for the Phænomena of Nature; 
from whence proceeded ſo many various. Sects 
of Philoſophers; every one aſſigning a different 
Cauſe to the ſame Appearance, as his particular 
Genius and Imagination led him. 


- Tas-;chief Agreement dbſeryable- ãmông 
moſt of them, conſiſts in this, vi. that they 
conceived all Bodies, as Compoſitions of Air, 

Earth, Fire, and Water, or fome one or more 
of them, from whetice they acquired the 
Name of Principles or Elements, which they 


allen ] HGH 0 47, a 
.:Epicurvys adyanc'd a little e 


ſerted, that though , Bodies conſiſted 0 
one or more of theſe, yet that they w t 
ſtrictly Elements, but that theſe themſelv 

ſiſted of Atoms; by an acoidental Concourſe 
o which, (as they were moving through infinite 
Space in Lines nearly; parallel) all Things re- 
ceived . theit Form and Manner of Exiſtence 4 
en nas ni gb D Sisi is 03 got 
++ Des Cares has contriyed an Hypotheſis 
very different from the reſtʒ he ſets out withha 
2 « Phenomenon of Nature, is meant any Modtob ö. St. 
tuation of Bodies among one another; 'Which — 5 itſelf to che 
. of — — — is not the immediate r of T Ac- 

2 9 A1 | | Pit + TO TaQUED? It « 

*. : no f 

ee. 
: 4 n K WF. Suppo- 


— 


The #NTRODUCTION. 3 
ppoſition that the Uni verſe at firſt was entire | 
10 125 of Matter, that, from this Matter when 
ml put in Motion, t here would neceſſarily be 
rubbed off (by the grinding of the ſeyeral Parts 
one againſt another) ſome Particles ſufficiently 
fine to paſs through the hardeſt and moſt ſolid 
Bodies without — with any Reſiſtance: 
of theſe conſiſts his Materia ſubtilis, or Mate- 
ria primi Elementi. He imagined that from 
hence alſo would reſult other Particles of a glo- 
bulas Form, to which he gave the Name of 

Materia ſecundi Elements, Thoſe which did not 
ſo far lole their firſt, Figure, as to come under 
the Denomination of Materia primi ſecundi 
Elementi, he called Materia lertii Saen, 4 
and maintain d that all the Variety, Which ap- 
pears in natural Bodies, was owing to different 
Combinations of thoſe Elements. 


He Abe fuppoſe that God 88 R 
certain Quantity of Motion, and; afligned it | 
to this Maſs of Matter, and that That Mo» | 
tion (being once created) could no more 

be annihilated without an omnipotent Hand, 

than Body itſelf; in Conſequence of Which, 

he was obliged to teach, that the Quantity of 

Motion is always the fame : So that if all the 

Men and Animals in the World were mov 

ing, yet ſtill there would be no more Mo- 

tion, than when they were at Reſt, the Mo- 
tion which they e e at Reft = 
93 transferr 
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transfer d to the Æther. So unaccountable. 
are the Notions of this great Philoſopher, that 
it is ſurprizing his Doctrine ſhould have met 
with ſuch univerſal "Reception, and have got 
ſo ſtrong a Party of Philoſophers on its Side, 
that notwithſtanding it was more abſurd, than 
the Schoolmens Subſtantial Forms, they muſt 
all be exploded to make Way for his ingenious 
Hypotheſis. hy LY ey 


Des CaxrEs has been faid by a late Wri- 
ter *, to have joined to his great Genius an 
exquiſite Skill in Mathematicks, and by mixing 
Geometry and Phyſics together, to have given 
the World Hopes of great Improvements in the 
latter. But this Writer ought to have con- 
ſidered that what he look d upon in Des CAR- 
Ess Book of Principles, as Demonſtrations, 
are only Illuftrations, . there not being a De- 
monſtration from Geometry in all his Philoſo- 
phical Works 7. | 2 


Tux preſent Method of Philoſophizing eſta- 
bliſh'd by Sir Isa Ac Newrox, is to find out 
the Laws of Nature by Experiments and Ob- 
ſeryations. To this, with a proper Applica- 


„Mr. Wotton in his Refletions on Ancient 
Learning. | 


o 


e 4 See this Subject diſcuſs'd a hn. Kiids1 | 
tion to his Examination of Dr. Burnet's Theory. nat] 


tion 
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tion of Geometry, is owing the great Advan- 
tage the preſent Syſtem of Philoſophy has o- 
ver all the preceding ones, and the vaſt Im- 
rovement it has received within the laſt A 
| Ft t is indeed in vain to imagine, that'a Syſtem 
of Natural Philoſophy can be framed by any 
other Method: for without Obſervations it is 
impoſſible we ſhould diſcover the Phænome- 
na of Nature, without Experiments we muſt 
be ignorant of the mutual Actions of Bodies, 
and without Geometry we can never be certain 
whether the Cauſes we aſſign be adequate to 
the Effects we would explain, as the various 
Syſtems of Philoſophy built on other Founda- 
tions, evidently new. 


Tuis Way of. ſearching into Nature was 
firſt propoſed by my Lord Bacox , 
cuted by the Royal Society, the Roya] Academy 
at Paris, the, Honourable Mr. Worte, Sir 


Isaac NewTON, Sc. 


| 


WHAT woody A in the 
Knowledge of Nature may be made by this 
Method of Enquiry, when conducted by a 
Genius equal to the Work, will be beſt under- 
ſtood by conſidering the Diſcoveries of that 
excellent Philoſopher laſt mentioned. To Him 


it is principally owing, that \ we have now a 
| * See his NM oe, 
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rational Syſtem of Natural Philoſophy ; ; tis He 
who, by purſuing the ſure and unerring Me- 
thod of reaſoning from Experiment aud Obſer- 
vation, joined with the moſt profound. Skill in. 
Geometry, has carried his Enquiries to the 
moſt minute and inviſible Parts of Matter, as 
well as to the largeſt and moſt remote. Bodies 
in the Univerſe, and has eftabliſhed a Syſtem. 
not ſubje& to the Uncertainty of a mere Hy- 
hel but which ſtands | BR ears 
Baſis of Owen itſelf. | 


— — 4 
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ral Philoſophy to account ſor the Phe» 
nomena of the Material World, it is neceſſary 
to begin with laying! down the known Proper- 


ties of Body. 1 


oh rub ad {+ 11 


Tusk are 1. Solidity. 2. Extenſion. 3:Di- 
viſibility. : 4. A Capacity of being moved from 
Place to Place. 5. A Paſſiveneſs or Inactivity. 
Which are the ellential: Properties of 2 8 
as appears from what follows. 
1. Sox DIT v, called alſo I ability, 
is that Power which Body a e ncluding 
all others out | of its Place. Yu 2k, tet 25.419 0f 

THar Body, as ſuch, muſt be endued with 
this Property Bows from its Nature, for G- 
therwiſe two Bodies might exift in the ſame 
Place, which is abſurd. The ſoſteſt are equal - 
I, ſolid with che hardeft, for we find by Ex- 
periment, that the Sides. of a Bladder, filled 
with Air or Water, "$4 by no Means be made 


to come cloſe together # 764 53 3 Mal od) 151 5 avi 
rk 412 441 * 


15 2 ! 7 


- 11 Bly ence a HOMOW Globe of Gol dicks Wed * Wh- 
1 and then exactly N the Globe thus cloſed" was put 
into 2 Preſs Arivect bylchs Force of - Screws 5 — Water, find- 
ing no Room for a nearer Approach wa Particles toward 
| each other, made its Way through the Pores of that cloſe 

- Metal, 


8 The Properties of Body. Part 1. 
2. Tuar Body is extended, is ſelf-evident; 


it being impoſſible to conceiye any 
which has not Length, Breadth, and Thick- 
2 that is, Extenſion. 


II is no leſs evident, that Body is divi- 


able, for ſince no two Particles of Matter can 
exiſt in the ſame Place, it follows that they afe 
really diſtinct from each other, which is all that 
is meant by being diviſible. 

IN this Senſe the leaſt conceivable. Particle 
muſt ſtill be diviſible, ſince it will conſiſt of 
Parts, which will be really diſtinct . To il- 
luftrate this by a familiar Inſtance: Let the 
leaſt imaginable Piece of Matter be conceived 
lying on a ſmooth plain Surface, tis evident 
the Surface will not touch it every where, 
thoſe Parts therefore, which it does not touch, 
may be ſuppoſed ſeparable from the other, and 


lo een ang this) in tf | 


IL 
Metal, ſtanding in Drops like Dew on the Outſide, before the 


| Globe would Yield 6 to the violent 6: af of the Engine. 


V. Acad. del 


2 This Propoſition ; is APO" go thus, 54 

poſe. che Line A D (Fig. 1.) perpendicular to I F, and another as 

G H ata ſmall Diſtance from it alſo perpendicular to the ſame 

Line; with the Centers CCC, &c. deſeribe Circles cutting the 

Line G H in the Points e, e, e, Kc. Now the greater the Ra- 

dius A C is, the leſs is the Part « H. Hut the Radius 1 
augmented in infinitum. So long therefore the Part E H ma 

be divided into ſtill lefs Portions ; conſequently it may be 

ed in infinitum. 2, F. D. V. Hils Introd. ad Phyſ. Peet. . 

* Math. Phyſ. L. 1. c. 4. . 


* 
,» 
% 


* — — 
=- 


SSS. F368 


3 


* 


Chap. I. The Properties of Body. 9 
is meant, when we fay Matter is infinitely 
diviſible. | 


How far Matter may actually be divided 
may in ſome manner be conceiv'd' from hence® 
that a Piece of Wire, gilt with ſo ſmall a 
Quantity as eight Grains of Gold, may be 
drawn out to a Length of thirteen Thouſand 
Feet, the whole Surface of it ſtill ek 
cover'd with Gold . | 

A Quantity of Vitriol, being dilfotved and 
mix'd with nine Thouſand Times as much 
Water, will tinge the whole,” conſequently” 
the Vitriol will be divided into as many Parts 
as there are viſible Portions of Matter in that 
Quantity of Water g. 

Tus kx are Perfumes, which, without a ſeri= 
ſible ag of their Quantity, ſhall fill 
a very large Space with their odoriter — 
ticles” Which wut therefore be of 32 
ceiyeable Smallneſs, ice there will be « N 


„We have 3 ſurprizing wales of the Mk of fore 77 
Parts of Matter, from the Nature of Light and Viſan. Let a 
Candle be lighted and placed in an open Plane, it will then be 
viſible two Miles round, conk cently was it placed two Miles a- 
bove the Surface of the Earth, it would fill with luminous Pär - 
ticles a Sphere, whoſe Per was four Miles, and that be- 
fore it had loſt any ſenſible Part of its Weight. The Force of 
this Argument will appear better eg ne Reader 1 rer 
with the Cauſe of Viſion. 


+ Reil's Introd. ad ruyt Pref. 5 Relgow Philoſ. Con- 
templ. 25. : og 


» Mem. de V Acad as. : 
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cient Number in every Part of that Space, ſen- 
ſibly to affect the Organ of Smelling. 

4. THAT all Matter is moveable, follows 
from its being finite ; and to- ſuppoſe it poſi- 
tively infinite is abfard, becauſe it of 
Tenn 8. | 

5. By the Paſſiveneſs or Inactivity of Mat- 

— ” (commonly call'd its Vis Inertiæ) is meant 
the Propenſity it has to continue its State of 
Motion or Reſt, till ſome external Force acts 
upon it. This will be farther rg under 
the firſt * of Nature. 


/ 


0 H'A'P.- . 
5 Of Harun. Tz 
Pee 


Space, or Vacuum 

Ir has been the Opinion of ſome Phi- 
loſophers, particularly the Carte/ians, that Na- 
ture admits not a Vacuum, but that the Uni- 
verſe is entirely full of Matter: in conſe- 
quence of which Opinion they were oblig d 
to aſſert, that if every Thing contain'd in a 
Veſſel could be taken out or annihilated, the 
Sides of that Veſſel, however ſtrong, would 
come together; but this i is contrary to Ex pe- 


as See Mr. Let's Troll of ay King 4 Origine . 
; SY 


rience, 


Chap. II. Vacuum. 11 
rience, for the greateſt Part || of the Air may be 
drawn out of a Veſſel by means of the Air-, 
Pump, notwithſtanding which it will remain 
whole, if its Sides are ſtrong enough to ſupport 
the Weight of the incumbent Atmoſphere. - 

III. SHOULD it be objected here, that as it is 
impoſſible to extract all the Air out of a Veſſel, 
and that there will not be a Vacuum on that 
Account; the Anſwer is, that ſincè a very great 
Part of the Air, that was in the Veſſel, may be 
drawn out, as appears by the more quick De- 
ſcent of light Bodies in a Receiver *, when ex- 
hauſted of its Air, there muſt be ſome Vacuities 
between the Parts of the remaining Air: which 
is ſufficient to conſtitute a Vacuum. Indeed to 
this it may be objected by a Cartęſian, that 
thoſe Vacuities are fill'd with Materia ſubtilis, 
that paſſes freely through the Sides of the Veſſel, 
and gives no Reſiſtance to the falling Bodies: 
but as the Exiſtence of this Materia ſubtilis can 
never be prov ꝗ, we are not oblig'd to allow the 
Objection; eſpecially ſince Sir I$aac NeEwToON | 
has found, that all Matter affords a Reſiſtance 
nearly in Proportion to its Denſity f. 

THERE are many other Arguments to prove 
this, particularly the Motions of the Comets 

A Veſſel cannot be entirely exhauſted of its Air, becauſe 
the Action of the Pump depends on the Spring of that which re- 
mains in the Veſſel, 

* By this Term is meant any Veſſel, out of which we extract 
the Air by the Air-Pump. ; 

+ Newt. Principia Lib. 2. Prop. 31. & 40. & Opt. Edit. 2. 


Book 3. Quer. 18, 19, 20, 21- Lect. 1. Ann. 2. 
7 _ B 2 _ through 
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through the Heavenly Regions without any 
ſenſible Reſiſtance * ; the different Weight of 
Bodies of the ſame Bulk, &c. but thoſe, being 
not yet explain d, are not ſo proper to be inſiſt- 
ed on in this Place. 


07 Attraction and Repulſion. 
CH AP. III. 


L ESIDES the forementioned Proper- 
ties of Matter, it has alſo certain 
Powers or active Principles, known by the 
Names of Attraſtiom and Repulſion, probably 
not eſſential or neceſſary to its Exiſtence, but 
impreſſed upon it by the Author of its Being, 
for the better Performance of the Offices for 
which it was deſign'd. 
II. ATTRACTION is of two Kinds. 1. Co- 
heſion, or that by which minute Bodies, (or 
the ſeveral Particles of the ſame Body) when 
laced aſunder at very ſmall Diſtances, mutu- 
ally approach each other; and then adhere or 
ſtick together, as if they were but one. 2. Gra. 
vit tion, or that by which diſtant Bodies act 
upon each other. 
III. Tas Attraction of Coheſion is prov'd 
from abundance of Experiments, of which ſome | | 
of the moſt obyious are as follows, | 


i Deſaged. Let. 1. Aupat. 5 | 
1. Let 
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1. Le r a ſmall glaſs Tube (commonly call'd 
a Capillary Tube) open at both Ends, be dipt 
into a Veſſel of —— the Water will imme- 


diately riſe up in the Tube to a certain Height 


above the Level of the external Water. This 
Riſe of the Water in the Glaſs Tube is manifeſtly 
owing to the Attraction of thoſe Particles of the 
Glaſs, which lie in the inner Surface of the 
Tube immediately above the Water: Accord- 
ingly the Quantity of Water raiſed is always 
found to be proportionable to the Largeneſs 
of that Surface: ?. 

2. Let two 8p heres of Quickſilver be pu- 
ced near each other, and they will immediately 
run together, and form one Globule. 


IV. Tug Laws of this Attraction are, 1. 


That it acts only upon Contact, or at very ſmall 
Diſtances ; for the Spheres, mentioned in the 
laſt Ex periment, will not approach each other, 


»The Heights the Water riſes to in different Tubes, are ob- 
ſerved to be reciprocally as the Diameters of the Tubes, from 


whence it follows that the dener raiſed are as the CUTS | 


which raiſe them. 


Dem. Let there be two Tubes, the Diameter of the firſt 
double to that of the ſecond, the Water will riſe half as high 
in the firſt as in the ſecond ; now was it to riſe equally high 
in both, the 8 in the firſt would be four times great 
as in the ſecond, (Cylinders of equal Heights being as the 
Squares of their Diameters; 11 * 14.)t * it is 
found to riſe but half as high, the Quantity is but twice as much, 
and therefore as the Diameter ; but the Surfaces of Cylinders are 
as their Diameters, therefore the Quantities of Water 1 aro 
alſo as the Surfaces. Q. E. D. | 


the Diſſertation on this Subject. an. 


* 
- 
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till they are 2 very near. 2. It acts acord- 
ing to the Breadth of the Surfaces of the at- 
tracting Bodies, and not according to their 
Wantities of Matter. For, let there be two 
poliſh'd Glaſs Plates laid one upon another, in 
ſuch a Manner as to touch at one End, and 
there make a very ſmall Angle: If two une. 
qual Drops of Oil beput between theſe Plates, 
at equal Diſtances from the Line of Contact, ſo 
that the leaſt may touch both Glaſſes, they 
will then both move. towards the Ends that 
touch, becauſe the Attraction of the Surfaces 
inclines that Way; but the largeſt, touching 
the Glaſſes in moſt Points, will move the faſt- 
eſt. 3. Tis obſery'd to decreaſe much more 
than as the Squares of the Diſtances of the 
attracting Bodies from each otherincreaſe: That 
is, whatever the Force of Attraction is at a gi- 
ven Diſtance, at twice that Diſtance it ſhall/be 
more than four Times leſs than before *. 
V. From hence it is eaſy to account for the 
different Degrees of Hardneſs in Bodies; thoſe 
whoſe conſtituent Particles are flat or ſquare, 
and ſo ſituated as to touch in many Points, 
will be hard; thoſe Particles which are more 
round, and touch in fewer Points, will conſti- 
tute a ſofter Body ; thoſe which are fpherical, 
or nearly of that Figure, will form a Fluid, . 


V. Keilii Opera Ed. 40. p. 626. | 
I See Rohault in the Notes, p. 105, 108. See Part II. 
Chap. I. F. 2. in the Notes. Newtoni. Optic. p. Is 
127 I Ar- 
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VI. ATTRACTION of Gravitation is that; 
by which diſtant Bodies a& upon each other, 
Of this we have daily Inſtances in the falling 
of heavy Bodies towards the Earth.  '. : 
VII. Tux Laws of this Attraction are, 1. 
That it decreaſes, as the Squares of the Diſtances 
between the Centers of the attracting Bodies 
increaſe. Thus, a Body, which at the Sur- 
face of the Earth (i. e. about the Diſtance of 
four Thouſand Miles from its Center) weighs 
ten Pounds, if it was placd four Thouſand 
Miles above the Surface of the Earth, f. e. 
twice as far diſtant from the Center as before, 
would weigh four Times leſs; if thrice as far, 
nine Times leſs, Sc. The Truth of this Pro- 
poſition is not to be had from Experiments, 
(the utmoſt Diſtance we can convey Bodies to, 
from the Surface of the Earth, bearing no Pro- 
portion to their Diſtance from its Center) 
but is ſufficiently clear from the Motions ob- 
ſery'd by the heavenly Bodies. 2. Bodies at- 
tract one another with Forces proportionable 
to the Quantities of Matter they contain; ſor 
all Bodies are obſervd to fall equally faſt in 
the exhauſted Receiver, where they meet with 
no Reſiſtance. From hence it follows, that 
the Action of the Earth upon Bodies is exact- 
ly in Proportion to the Quantities of Matter 
they contain; for was it to act as ſtrongly 
upon a leſs Body as upon a larger, the leaft 
Body, being moſt caſily put into Motion, 
bs. would 


\ 5 0 - 
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would move the faſteſt. Accordingly, it is 
obſervable, that the Weight of a Body is the 
ſame whether it be whole, or ground to 
Powder“. 5. aH 
VIII. Fou hence it follows, that, was a 
Body to deſcend from the Surſace toward the 
Center of the Earth, it would continually be- 
come lighter and lighter, the Parts above at- 
tracting it, as well as thoſe below; in which 
Caſe it is demonſtrated by Mathematicians, 
that the Gravity would decreaſe with the Di- 
ſtance of the Body from the Center f. 4 
Scholium. 


| * Graveſande Lib. 4- Chap. 11. Cotes's Preface to Nowtas's 


2 3 Let there be a Body as P. (Fig. 2.) placed any 
| where within a Concave Sphere, as AB, which let us ſuppoſe; - 
divided into an infinite Number of thin concentric —.— * 
Fay, the Body P will be attracted equally each way by any 
one of theſe v. g. the interior HIKLM. Let there be Lines 
as IL, HK, &c, drawn through any Point of the Body P, in 
ſoch a manner as to form the Surface of two ſimilar Figures; 
- ſuppoſe Cones, the Diameters of whoſe Baſes, may be 7H, XL, 
which let be infinitely ſmall. Theſe Baſes (being as the Squares 
of the Lines IH, KL) (2. Elem. 12.) will be directly, as the, 
Squares of their Diſtances from P (for the Triangles H, KPL, 
being infinitely ſmall, are fimilar.) But thoſe Baſes include all 
the Particles of Matter in the interior Surface, that are oppoſite 
to each other; the oppoſite Attractions are therefore in the 
ſame Ratio with thoſe Baſes, that is as the Squares of the Diſ- 
tances PR, PI. But the Attraction is inverſely, as the Squares of 
the Diſtances of the attracting Bodies, 5. 7. i. e. nverſely as the 
Squares of the ſame Diſtances PK PI; theſe two Ratios 
therefore deſtroying each other, it is evident, that if the Con- 
cavity of the Sphere was filled with Matter, that alone, which 
lies nearer the Center than the Body can effect it, the reſpective 
Actions of all che Parts, that are mare diſtant, being equal, 
513. and 
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Scholium. Ir may be Proper to obſerye here, 
that when Philoſophers ſpeak of Bodies gravi- 
tating to, or attracting each other, that Body is 
ſaid to gravitate to another, which moves to- 
wards it, while the other actually is, or appears 
to be, at reſt, and this other is ſaid to attract 
the former; though indeed the Force being mu- 
tual and equal on both Sides (as will be ex- 
lain'd under the third Law of Nature) the 
Eme Term might be a D to either the gra- 
vitating or attracting Y: = Ce, Hee 
Ir is farther to be_obſery'd, that when we 
uſe the Terms, Attraction or Gravitation, we 
do not thereby determine the Phyſical Cauſe 
of it, as if it proceeded from ſome ſuppoſed 
occult Quality in Bodies; but only uſe thoſe 
Terms to ſignify an Effect, the Cauſe. of 
which lies out of the reach of our Philoſophy. 
Thus, we may ſay, that the Earth attracts hea- 
vy Bodies; or that ſach Bodies tend or gravi- 
tate to the Earth: althoughat the ſame time we 


and in contrary Directions, ſince the ſame is demonſtrable of any 
of the remaining concentric Surfaces. Let us ſee then what BE 
fe that, which lies nearer the Center than the Body, will have 
upon it, which may be conſidered as a Sphere, on whoſe Surface 
the Body is plac'd, The Diſtances of each Particle of Matter 
from the Body, (taken collectively) will be as the Diameter of 
the Sphere, or as the Radius, i. e. as the Diſtance of the Body 
from the Center: their Action therefore upon the Body will "be 
inverſely as the Square of that Diſtance : but the Quantity of Mat- 
ter will be as the Cube of that Diſtance, (18. Zen 12.) the At- 
traction therefore will be alſo in that Proportion. Now, theſe 
two Ratios being compounded, the Attraction will be only as 
the Diſtance cf the Body from the Center. Q. E. D. | 
* 0 * 1 


are 
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are wholly ignorant: whether this is effected 
by ſome Power, actually exiſting in the Earth, 
or in the Bodies, or external to both; ſince 
it is impoſſible any Error in our Reatonings 
can ſbllow from hence: it being evident, that 
all the Conſequences of ſach Tendency muft 
be the ſame, let the Cauſe be where, or what 
it will. n | 

X. RepuLsS10N is that Property in Bodies, 
whereby, if they are placed juſt beyond the 
Sphere of cach other's Attraction of Coheſion, 
they mutually fly from each other. 

Thvs, if an oily Subſtance, lighter than 
Water, be placed on the Surface thereof, or if 
a Piece of Iron be laid on Mercury, the 8ur- 
face of the Fluid will be depreſs'd about the 
Body laid on it: This Depreſſion is manifeſtly 
occaſion'd by a repelling Power in the Bodies, 
which hinders the Approach of the Fluid to- 
wards them. 2 47 

Bur it is poſſible in ſome Caſes to preſs or 
force the repelling Bodies into the Sphere of 
one another's Attraction; and then they will 
mutually tend towards each other; as when 
we mix Oyl and Water till they incorporate *. 
XI. Bes$1pss the general Powers foremen- 
tioned, there are ſome Bodies that are endued 
with another, call'd Electricity. Thus Amber, 


We have an undeniable Proof of this Repulſive Force 1 
Sir Jſaac Nexwtor's Opticks. B. 3. and Query 31. | 
Jet, 


Chap. III. Attraction and Repuljion. 19 
gets Sealing-Wax, Agate, Glaſs, and moſt 

inds of precious Stones attract and repel light 
Bodies at conſiderable Diftances. EF. 

Tu chief Things obſervable in theſe Bo- 
dies are, 1. That they don't act, but when 
heated. 2. That they act more forcibly when 
heated by rubbing, than by Fire. 3. That, 
when they are well heated by rubbing, light 
Bodies will be alternately attraſted and repell'd 
by them, but without any obſervable Regula- 
rity whateyer. 4. If a Line of feyeral Yards in 
length has a Ball, or other Body ſuſpended at 
one End, and the other End be fixed to a Glaſs 
Tube; when the Tube is heated by rabbing, the 
Electrical Virtue of the Glaſs will be commu- 
nicated from the Tube to the Ball, which will 
attract and repel light Bodies in the fame Man- 
ner, as thę Glaſs iel does. 5. If the Glaſs Tube 
be emptied of Air, it loſes its Electricity v. 
XII. LASTLx, the Loadftone.1s obſery'd to 
have Properties peculiar to itſelf, as that by which 
t attracts and repels Iron, the Per it commu- | 
nicates tothe Needle, and ſeyeralothers f. 


. Exporingetts. Prilepb/Tranſet/N6-526. | 


I + Several Solutions of theſe Properties of Electricity and Ble 
neti ſin have been attempted” by different Philoſophers, but all of 
them ſo unſatisfactory as not to deſerve a particular Account in 
this Place. See Chambers Dictionary in Elactricity, and Des 
Cartes Opera Philoſophica. P. IV. 5. 133, with ſeveral othets 
referr'd to in Que iunes Philofophice, Deſagul. Lett. I. 5. 33. 
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20 Laws of Motion. Part J. 
CHAP. IV. 


Of the Laus of Motion, commonly cal- 
led Sir Is aa NewToN's Laws of 
' Nature. | 


; LL Bodies continue their State; of 
a Reſt, or uniform Motion in a right 
Line, till they are made to change that State 
by ſome external Force impreſſed upon them. 
Tuts Law is no other, than that univerſal 
Property of Bodies, called Paſſi veneſs or In- 
activity; whereby they endeavour to continue 
the State they are in, whatever it be. Thus 
a Top only ceaſes to run round on Account of 
the Reſiſtance it meets with from the Air, 
and the Friction of the Plane whereon it 
moves. And a Pendulum, when left to vi- 
brate in vacuo, where there is nothing to ſtop 
it, but the Friction ariſing from the Motion 
of the Pin on which it is ſuſpended, conti- 
nues to move much longer, than one in the 
open Air. ai Mawr 5 
II. Tax Change of Motion produc'd in 
any Body, is always proportionable to the 
Force, whereby it is effected; and in the ſame 
Direction, wherein that Force acts. 
| 'Tm1s is an immediate Conſequence of this 
Axiom, the Effect is always proportionable to 
| its 
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its Cauſe. For Inſtance, if a certain Force 
produces a certain Motion, a double Force 
will produce double the Motion; a triple 
Force triple the Motion, Sc. If a Body is in 
Motion, and has a new Force impreſſed on it 
in the Direction wherein it moves, it will re- 
ceive an Addition to its Motion, proportional 
to the Force impreſſed; but if the Force acts 
directly contrary to its Motion, the Body will 
then loſe a pr ional Part of its Motion: 
Again, if the Force is impreſſed obliquely, it 

will produce a new Direction in the Motion 
of the Body, more or leſs different from the 
former in e to its LEY and Di- 


* 
III. Re- 


* This Caſe is expreſſed more accurately by Mathematicians 
thus. If the Proportion and Direction of :two Forces, acting 
upon a Body at the ſame Time, be repreſented by the Sides of a 
Parallelogram, the Diagonal of that Parallelogram will repre- 
ſent the Proportion and DireQion of their united Forces. | 
Dem. Let the Body 4 (Fig. 3.) be impell'd with a Force, 
which would carry it to E, in the ſame Time that another, act- 
ing upon it in the Direction AD, would carry it to D. Ima- 
gine that while the Body paſſes to E, the Line 40 (in which 
the — moves * other Force) moves to EB, in a Direc- 

tion parallel to 110 when the Body has advanc'd to G in 
the Line AE, the Line AD will have — to GF, and the Body 
will have paſſed over GH, ſuch a Part of it, as bears the 
ſame Proportion to the whole Line GF, as AG does. to AE, 
that is, GH (the ſnorter Side of the Parallelogram GM.] is to 
GF, or, which is the fame Thing, to EB (the ſhorter Side of 
| the Parallelegram ED) as 4G (the longer Side of the former) 
is to AE the longer Side of the latter,) from whence the Pa- 
rallelograms are fimilar, EI. 6. Def. 1. and conſequently, by 
BY 6. the Point H is in the Diagonal, that is, the 
will always be found in the Line 4B. QE D. 


= 8 
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bat is cunterachel by the Lad. 
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III. REACT1ON is always contrary, and e- 
qual to Action; or the Actions of two Bodies 
upon each other, are equal, and in contrary 
Directions. | 
Tubus, ſuppoſe a Stone, or other Load to 
be drawn by an Horſe; the Load reacts upon 


the Horſe, as much as the Horſe acts upon the 
Load; for the Harneſs, which is ftretched 


equally between them both Ways, draws the 


"Horſe towards the Stone, as much as it does 


the Stone towards the Horſe; and the progrei- 


ſive Motion of the Horſe is as much retarded 


by the Load, as the Motion of the Load is 
d by the Endeavour of the Horſe“. 


This will be better explained from the ſollow- 


ing Inſtance; let a Perſon, fitting in a Boat, 


Corell. From hence we have an eaſy Method of reſolving 
2 given Motion into any two, or more Directions whatever ; 
&iz. by deſcribing a Parallelogram about the given Direction 
as a Diagonal, the two Sides of which will repreſent the Di- 
rections ſought, Thus, ſuppoſe -a Body was 1mpell'd in the 
Line AB, we may conceive it as acted upon by two Forces at 
the ſame Time, one towards E, the other towards D, or a 
other 'two whatever, provided the Lines be drawn of | fi 


length, that, when the Parallelogram is compleated, the given 
Line 4B fhal! be its Diagonal. N f 


l and contrary 


® Tt may be thought perhaps, that 


Forces deſtroying one another) the Horſe will in this Caſe not 


be able to move at all, becauſe the Load draws him back, as 


much as he draws the Load forwards, But it is to be ob- 
ved that the Strength of the Horſe is not properly exerted up- 
on the Load but upon the Ground; and conſequently the 


nd, reacting and continuing at Reſt, puſhes the Hofſo 
forward with juſt ſo much Force as the Horſe exerts, above 


FFG 
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draw another Boat equally” heavy towards 
him, they will both move towards each other 
with equal Velocities: Let the Boat he ſits in 
be the lighteſt, and it will move the faſteſt; 


becauſe the Action being equal on both Sides, 


the ſame Quantity of Motion will be given to 


cach Boat, that is, the leſſer will have the 


greater Velocity *. e 
Wx have a farther Confirmation of this 
from Attraction. Suppoſe two Bodies attract- 
ing one another, but prevented from ming 
cloſe together by ſome other Body placed be- 


which they tend towards each other, were not 
equal on both Sides, then would the interme- 
diate Body be preſſed more one Way than the 
other, and ſo all three would begin to move 


ner, when no external Force acts upon them, is 


. contrary to Experience, conſequently whatever 
different Degres of Force, any two Bodies may 


be capable of exerting, their mutual Actions 
on each other, are always equal. This may 
be try'd with a Loadſtone and Iron; which, 


being put into proper Veſſels, contiguous: to 


one another, and made to float on the Surface 


of Water, will be an exact Counterbalance to 


tween them: If their reſpedive Actions, by 


| of themſelves the ſame Way; but that three 
Bodies ſhould be put into Motionafter thisMan- 


” 


®* Sce the Diſtinction between Motion and Ve'ocity. Chap. g. 


© ach 


+ 
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each other, and remain at Reſt, whatever be 
the attractive Power of the Loadſtone, or the 
Proportion of their reſpective Magnitudes. 


Tus Laws receive an abundant Additio- 
nal Proof from hence, vig. that all the Con- 
cluſions that are drawn from them, in Relation 
to the Phænomena of Bodies, how complicat- 
ed ſoeyer their Motions be, are always found 
to agree perfectly with Obſervation. The 
Truth of which ſufficiently appears in all Parts 
of the Newtonian Philoſophy . 


E H A p. v. 
De Phenomena of Falling Bodies. 
I. 1: E Lawsof Nature being thus explain- 


ed, we proceed to account for ſome of 
thoſe Phznomena, which are ſolyable by them. 
II. To begin with thoſe of falling Bodies. 
Conftant Experience ſhews, that Bodics haye a 
Tendency towards the Earth, which is call'd 
Gravity, the Laws of which were enumerated 
in Chap. 3. y. 7. 
III. Tus Height, Bodies can be let fal from, 
bears ſo ſmall a Proportion to their Diftance 
or the Center of the Earth, that it cannot 


+ va theſe Laws explain'd more at large by Cheyne in his 
Principles of Paloohy. Kiil's Introd. ad Phyſ. >: es 12. 
ſenſibly 
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ſenſibly alter their Gravity; which therefore 
may be concei vd, as acting conſtantly and uni⸗ 
ſormly upon them, during the hole Time of 
their Fall: From hence they muſt neceſfarily 
acquire, at every Inſtant, an equal Degree of 
Velocity, which on that Account Will conſtant- 
ly increaſe, in Proportion to the Time the Bo- 
dy takes up in falling 

IV. Tas, Spaces Bodies fall through in dif- 
ferent Times, reckoning from the Beginning of 
their Fall, are as the Squares of thoſe Times; 
thus, a Body will fall four Times as far in two 
Minutes, as it does in one, a nine Times as 
far in three, ſixteen Times as f in four, S 
8 1 N "x 2-76 . 8 

In order to demonſtrate this Propoſition, it will be neceſſarx 
to lay down the following Theorem; wiz. ; 
| That the Space a. Body paſſes over, with an uniſorm Motion, 
is in a Ratio compounded of the Time and Velocity. For the 
longer a Body continues to move uniformly, the more Space it 
moves over; and the faſter it moves during any Interval of 
Time, the farther it goes 3 therefore the Space is in à Ratio com- 
my both, that 38, is had by multiplying one into the o- 

er. | & © N 45 ihe ; e 1 
Coroll. Thereſore the Area of a Redangle, one of whoſe 
Sides repreſents the Celerity a Body moves with, and the other 
the Time of its Motion, will expreſs the Space it moves through. 
This being premiſed, let the Line 4B (Fig. +) rep | 
the Time a Body takes up in falling, and let expreſs the 
Celerity acquir'd by its Fall; farther let the Line 4B be di- 
vided into an indefinite Number of ſmall Portions, ei, im, 
mp, &c. and let ef, ik, mn, pq, &. be drawn parallet to the 
Baſe. Now it is evident from 5. 3. (viz. that the Velocities 
are as the Times in which they are acquir'd) that the Lines 
,, il, un, pq, &c. being to each other (4. EI. 6.) as the Lines 
Ae, Ai. Am, Ap, & c. will repreſent the Celerities in the Times 
repreſented by theſe: that 2 be as the Velocity ed 
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V. Fon this Propoſition it follows, that a 
Body falls three Times as far, in the ſecond 
Portion of Time, as it does in the firſt; five 
Times as far in the third; ſeven Times in the 
fourth, and ſo on in the Series of - the odd 
Numbers: For otherwiſe it could not fall four 
in two 3 me nine in three, as 

the 2 aſferts. 
VI. THe 


in the final] Portion of Time +j, and 7k will be as the Ve⸗ 
ocity in the Portion of Time im; in-like Manner pg will be as 
the Velocity in the Portion of Time po, which Portions cf Time 
being taken infinit all, che Velocity of the may be 
ſuppos d the ſame, any whole Portion : and uently, 
by the Corollary of the foregoing Theorem, the Space run over 
in the Time ei with the Velocity ef may be'repreſented by the 
Rectangle /: in like the Spacs run over in the Time 
in, with the Celerity il, may be cocpreſi d by the Rectangle #4 ; 
and that run over with the Celerit) m in the Time , by 
the Reftangles n; and ſo of the reſt. Therefore the Space 
run over in all thoſe Times will be repreſented by the Sum of all- 
the R les, that is, by the Triangle FBC, for thoſe little 
— lar Deficiencies, at the End of each Rectangle, would have 
„had the Lines ei, mp, &, en infinitely ſhort, as 
ths Times they were ſuppoſed to repreſent. Now as the Space, 
the Body deſcribes in the Time AP, is repreſented by the Tri- 
angle ABC, for the ſame Reaſon! the Space paſs'd over in the 
Time As ma be repreſented by the Triangle for, but theſe 
Tria * ng fimilar, are to each other, as the Squares of 
their mologous Sides 4B and 4 (20 El. 6): that is, the 
Spaces repreſented by the Triangles are to each other, as the 
Squares of the Times repreſented by the Sides. 2. B. D. 


* This gay alſo be ſhewn in the following Manner. 1 
the Triangle ABC (Fig. 4.) be divided into leſſer ones, tis | 
in Fig. 5. "each equal to Dbr, which repreſents the Space de- 
ſcribed by the fallin Body in Dt. the firft Portion of Times 
"js evident that, in sc the ſecond Portion of Time, there are 


three ſueh Triangles deſcribed, viz. thoſe that lie between = 


A N 0 =, @" ” v” „ J © ex £a. DIM 
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has V. Fall Bodies. 

VI. Tus Spaces, deſcrib'd by falling Bodies 
in different Times, are as the wed of the 
laſt acquir'd Velocities. For by g. 4. the Spa- 
ces are as the Squares of the Times, and by 
(. 3. the Velocities are as the TI imes; there- 
fore the Spaces are alſo 25 the Squares of the 
Velocities. 

VII. Tus Space a Body * over, from 
the Beginning of its Fall in any determinate 
Time, is half what it would deſcribe in the 
ſame Time moving ene, with 1 its laſt acs 

juir'd Velocity“. | 

VIII. IN like Manner, 1 * 4 
thrown -up 5 their Velocities 
decreaſe, 5 tl imes they aſcend in increaſe; 
their Gravity Ti an equal Portion 
their Velocity every Inſtant of their Aſcent. 
IX. Tus Heights Bodies rile to, when; 
thrown perpendicnlerty upwards, are as the 


ſetting out, to the Moment they ceaſe to riſe. 
That is, if a Body is thrown: with ſuch a De- 
gree of Velocity, as to continue riſing tycics 12 


Lives br and « ; in cd the third Portion of Time, five fach, 


, ſeven ſuch, '&c; 


— 


BC, the Space the Body runs over, while it is a8uiring that 
re 8 $4,GRG, ber the'S it would. paſs ayer in the 
ime AB, was it to move uniformly with the Celerity BC, is 

= — Pom p 5 2 de. "Be . 
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* 


Squares of the Times ſpent from their firſt 


. wit. RD * W N 


For let the Time be 4B, (Fig. L458 th 1. Velde 
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long as another, it ſhall aſcend four Times as 
high; if thrice, nine Times as high, GSW. 
Tus two are the converſe of the third 
and fourth Sections * 


CHAP. VI. 


Of the Deſcent of Bodies on oblique 
Planes, and of Pendulums. 


HEN a Body deſbends on an oblique 
Plane, its Motion is continually acce- 
lerated by the Action of Gravity, but in a leſs. 
Degree, than hen it deſcends perpendicular- 
ly; its free Deſcent in this Caſe being hin- 
- der'd by the Interpoſition of the Plane: From 
whence it follows, that what was ſaid in the 
laſt Chapter, concerning the perpendicular 
Deſcent of Bodies, is true of ſuch as fall on 
oblique Planes, Allowance, being mice for 150 
Difference of "Acceleration. | | 
II. The Effect Gravity has upon a Body 
filling down an oblique Plane, is to that whic 
it exerts upon another falling freely, as the 
LY Height af the Plane is to its 


Fw 1 Ge | * III. Tus 


* gee 165 Introd, ad Phy Pre. 11. | Graveſend L. 1. 


yo” Dom. Let 4C (Jig. 6.) be the indin'd Plane, the — 
at 4, and, the Action of: iy, whereby ab” 


719k per. 
— = 
- 
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III. Taz Space, through which a Body 


falls down the oblique Side of à Plane, is ef 


that through” -which it would fall pe 

larly in the ſame Time, as the per 

— of the Plane is to its Len 
Fox the Space, a Body falls through i in any 


rpendicu- 
ndicular 


determinite' Time, whether down an inclined 


Plane, or not, is as the Effe& of the Gravity 
with which it is acted upon during that Time; 
but the Gravity, with which a Body deſcends 
down the oblique Side of a Plane (by the 
laſt Propoſition) is to that with which it falls 


perpendicularly, as the perpendicular Height 
of the Plane is to its Length: The Space there- 


fore, which a Body falls through obliquely, is 
to that which it would paſs through perpen- 
dicularly in the r AG alſo in that A 
portion. 


perpendbellal repreſented by the Line 4B ; let 4D be per- 
pendicylar to "AC. AD will then repreſent the DireBion by. 
eh the Plane acts upon the Body (for all Bodies act in 
rpendicular to their Surfaces) Jet then thoſe two Forces 
be reſolved into one in the Direction AC, (as ſhewn in Note to 
$. 4- Chap. IV.) by compleating the Parallelogram BD, whoſe 
Diagonal wil be 4G. 2 order to ws | BG muſt be let fall 
perpendicularly upon (that it may be parallel to the 
fite Side of the Parallelogram 4D) conſequently (8 Elem. 6.) 
Bod * to 1 — AB to AC, that is, the T of the 
own the Plane is to its perpendicular Tat 
is to AC. Q. E. D. 
From this Propoſition it follows, chat = g BG (Fs hy, 
perpendicular to AC) the Body would fall from # to & 
the ſame Time another would ll from thence to B; "A 
63 (Note the laſt 4G is.to AB, WAY w 40, 


IV. Tur 2X 


| 
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IV. Tue Velocity, a Body acquires by fal- 
ling perpendicularly, is to that, which it ac- 
quires by falling obliquely in the ſame Time, 
as the Space of its perpendicular Deſcent is to 


that of its oblique one. H 
V. Tus Time, in which a Body deſcends 
through the oblique Side of a Plane, is to that 


in which it falls through the perpendicular 


Height of the fame, as the Length of the 
oblique Side is to its Height +. pd 
VI. A Bopy acquires the ſame Velocity in 
falling down the oblique Side of a Plane, as 


d ® Sinee by the Note to Section the laſt, a Body falls to G, 

(Fig. 6.) in the ſame Time another falls to B, and by (Chap. 
V. $. 7.) the Space, a falling Body paſſes over in any Time, 
is half that which it would run oyer in the ſame Time moving 
uniformly with its laſt acquir'd Velocity, it fallows that the Bo- 
dy falling down the oblique Plane would paſs over double the 
Space 4G, moving uniformly with- its laſt acquir'd Velocity, in 
a Portion of Time equal to that in which it was acquir'd ; like- 
wiſe double the Space 4B would be paſſed pver by the other Ho- 
dy, movigg uniformly with its laſt acquire Velecity, in a Por- 
tion of Time egual to that in which it was acquir'd ; but fince 
the Velocities of Bodies moving uniformly are as the Spaces 
they run over in equal Times, the Velocities of the Bodies in 
G and B are to each other as double the Lines 4G and AB, 
that is, as the Lines themſelves, which by F. 3. are as the 
Spaces an through in the ſame Time, from whence the Propa- 


fition is clear. | 

"+ Dem. The Square of the Time in which AC (Fig 4 
is run oyer, is to the Square of the Time in which AG is 
run over as 4C to AG, (by Chap. V. F. 4) that is, fince AC, 
AB, AG are continually proportional (8 E/em. 6.) as the Square 
of A to the Square of 4B (by Def. 10. Blem.. 5.) therefore 
the Times themſelves are as the Lines 40 and 4B, that is, 
ZE Plane to the perpendicular Height. 
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Chap. VI. on oblique Planes 3 
it would do, if it fell freely through the pes 
pendicular Height of it. 

VII. — 5 takes up the Lime Time i 
falling through the Chord of a Cirele, whether 
it Mons 8 it does in falling 
pendicularly geen the Diameter of the he te 
Ghelc Þ. 

VIII. Upon this 1 founded the Theory of 
pendulums: For from hence it follows, that 
ſuppoſing a Pendulum could be made to vibrate 
in a Chord of a Circle, inſtead of an Arch, all 
its Vibrations would require the ſame Time, 
whether they were large or ſmall i 

IX. Fon hence we ſee the Reaſon, why 


the ſhorter Arches a Pendulum deſcribes the 


* Dem. The Square of the Velocity whicha Body achvires 
falling to G, is to the Square of the Velocity it acquires by bd 
ling to C, as the Space AG to the Space 40 on V. 
5. 4.) chat is (by 8: Elem. 6. and Def. 10. Elem. 5 gto 
ABgq ; conſequently the Velocity itſelf at & is to the Velocity | 


itſelf at C, as 4G to AB; * is run over in the ſame 


2 ye Now 6h, 3 ) the Velocity in G is alſo to the 

„as AG, * 07 4) ond ainfoquently hep 

Ly. Ry 64771 C and J bear che ſame Pro to 
„ equal to cach other, Q. E. D. 

+ Dem. Re een #. Body will Gal 

from. 4 to G, Fg. 7.) on the inclin'd Plane 4C, in the 

fame Time anot fall freely to R, provided 4GB is a 


right Angle, in which Caſe 40 (by 31. Elem. 3) is a Choe Pr 


that Circle of which 4B is the Diameter; therefore à Body falls 
through the Chord, c. Q. E. D. 

This may be illuſtrated by congeiving the laſt Figure i in- 
verted (as in Fig. 8.) where — the Ball ſuſpended in 
ſuch a Manner, as, to ſwi in the right Line G4 inſtead of 
he Arch GA, it would always fall through it in the fame 

however long or ſhort, it was, for the Inclination of 
the Line G.4to the horigonal Line BC, * — by invert- 
ing the Figure. 89 * 
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1 Pendulum Part I. 


nearer its Vibrations come to an Equality, for 
{mall Arches differ leſs from their Chords than 
large ones. But if the Pendulum is made to 
vibrate in a Curve, which Mathematicians call 
a Gycloid; each Swing will then be perform d 
in the fame Time, whether the Pendulum 
moves through a larger or leſſer Space. For 
the Nature of this Curve is ſuch, that the Ten- 
dency of a Pendulum towards the loweſt Point 
of it, is always in Proportion to its Diſtance 
from thence; and conſequently let that Diſtance 
be more or leſs, it will always be run oyer by 
the Pendulum in the ame Time. 
X. Tus Time of the Deſcent and Aſcent 
of a Pendulum, ſuppoſing it to vibrate in the 


hond of a Circle, is N to the Time in 
| my | 


4 
The Deenpse; of a e ; 


Upon the right Line 4B, (Fig. 9.) let the Clrcle CDE be 
ſo plac d, as to touch the Line in the Point C, then let this Circle 
rol along upon it from C to H, as a Wheel upon the Ground, 
then will the Point C in one Revolution of the Circle deſcribe 
the Curve CKH, which is called a Cycloid, Now ſuppoſe two 
Plates of Metal bent into the form HK and KC, and placed in 
the Situation LH and LC, in ſuch Manner, that the Points H 
and C may be apply d to L, and the Points anſwering to X 
be apply'd to # and C. This done, if a Pendulum as LP, 
in Length equal to LH, be made to vibrate between the Plates 
or Checks of the Cycioid LC and LH, it will ſwing in the 
Line EKU and the Time of each Vibration, whether the Pen- 
dulum ſwings through a ſmall or a great Part of the Cycloid, 
will be to the Time a Body takes up in r perpendicularly 
through a Space equal to IK, (half The of the Pendu- 
lum) as the Circumference of a Circle to its — and 
N it will * be the ſama | Tt 
47 X ey 
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Chap. VI. Pendulums. 33 
which a Body falling freely would deſcend 
through eight Times the Length of the Pen- 
dulum.. . ion en #1 1801 

Fox the Time of the Dakcentalone upon 
the Chord is equal to that in which à Body 
would fall through the Diameter of the Cir- 
cle (by 9g. 7.) z that is, twice the Length of 
the Pendulum : But in twice that Time (via. 
a whole Vibration) the Body would 
V. g. 4.), that is, 
of the Pen- 


during 
fall four Times as far (Chap. 
through eight T. imes the 
dulum. 


XI. Tas T __—_ Phnduiloms of 4 
rent Lengths their Vibrations i in, are 
as the ſhuare Rübe of their, PR 

XII. Tus Center of Oſcillanion is a Point 1 in 
which; if the whole Gravity” of a Pendulum 
Was collected, the Time of its Vibration would 


not be alter d thereby +; this 15 57 Point from 


6 
wal "+ Tar won Of - whence 


2 ion of 4 Oli in the yi Pg, don; 
. * ** * 4x 
BY * 


Dem. Leske bees IIS $a. 4, oa ro. and 
2 of different Lengths, the Time t firſt, vibrates in (ſuppoſe 
— 2 Chord) is equal to the Time in Which 4 Body 
Id fall freely l DA, the Diameter ofthe Circle {as 
demonſtrated 5. 1 in like Manner the Time vibrates in is 
that in which a Body would fall througu FB. Now the Times 
in which Bodies fall through different Spaces are as the ſquare 
Roots" of thoſe Spaces, that is, of DA and FB, or of their 
ry ow hag CB, 4. e. wat th of * ae 
1 a Rule for inding the Center of Ofcillaian. 3 


34 Pendulum. Part I. 
whence the Length of a Pendulum is mea- 
ſur d, which in our Latitude, in a Pendulum 
that ſwings Seconds, ty nune Inches and 
two Tenths. - 

XIII. Tas Square of th Times in which 
Nebula upon t 3 
of Gravity, perform their Vibrations in 
to each other, inyerſly as the Gravities 77 7001 
Fo whence it follows, that a Pendulum 
will vibrate Dower when nearer the Equator, 
than "the ie en meer ey 


If tha Ball AB 6 4 pet bythe String CD, whol 
Wei ght is wa 0 2 the Center of Oſcillation is found: thus; 


Make. E the Ceniter of the Globe, take the Line & of ſuch'a 
to FC: den EH being made equal to Ne he being E tall 
2 to e Point 
be M of Olcillation: i ho DP 
If the Weight of the Rod CD be too conſiderable to be neg- 
etl s By: 13) in 1, ſo that DI may be equal 1 
+ of CD, and make a Line as G, in the ſame Proportion to C 
that the Weight of the Rod bears to that of the Globe, then 
having found N the Center of Oſeillation of the Globe, as be- 
fore, divide Ii in L, ſo that Il. may bear the fame 
to LH, as the Line CH bears to the Line G; then wi L be 
the Center of Ofcillation of the whole Pendulum. See the Me- 
thod of finding. 4 Rule for \ the Avg of 
Oſcillation in all whatever, in the A 
Den. The Spaces, falling Bodies deſcend hu 
the Squares of. 3 when the Gravity by w ich they 


are impelb'd is given (Chap. V. . 4); and as the Gravity 
when the Time be Sami te Velo he. 
in any Time will be as the generating Forces:) Conſe- 


quently when neither is 28 they are in a Ratio com 
ed of both; the Squares of the Times are therefore inverſty as 
the Gravities. [For if in 3 —_— a b, c;zairarbe, 


ben b: Le Tf #4: given, 615 er as Cc inver/ly.] Bat if 
; the 


Chap. VII. Projettites. 35 
the Gravity of all Bodies is lefs, the nearet 
they are to the Equator; vi. on account of 
the ſpheroidical Figure of the Earth, and its 
Rotation about its Axis, as will be explain d 
hereafter. To which we may add the Increaſe 
of the Length of the Pendulum occaſion d by 
the Heat in thoſe Parts; (for we find by Ex- 
iment, that Bodies are inlarged in every 
imenſion in Proportion to the Degree of 
Heat that is given them;) for which Reaſon 
(6. 11.) the Vibrations of the Pendulum will 
alſo be ſlower. | * 


CHAP. VIL” 
O Projefiiles. 
A BODY, projected in + DireQion pa- 


rallel or oblique to the Horizon, would 
proceed on in inſinitum in a right Line (by 


the firſt Law of Nature); but being continually 


accelerated towards the Earth by its Gravity, it 
will deicribe a Curve called a Parabola *. . 


the Squares of the Times, in which Bodies fall through given 
Spaces, are inverſly as the Gravities by which they are acted 
upon; then the Squares of the Times, in which Pendulams of 
equal Lengths perform their Vibrations, will be alſo in the 
ſame Ratio, on account of the conſtant Equality between the 
Tine yy e Vibration of a Pendulum, and of the Deicent 
a through eight Times its Length ( 12. 15 
Dem. Let us ſuppoſe the Body thrown" from 4 in the 
Direction 4B horizontally (Fig. 14.) or obliquely (Fig- 15.) it 
would (if nat attrafted towards the Earth] move uniformly 
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36 Projeftiles. Part T: 
from 4 towards B, that is, in equal Times it would deſcribe, e: 
qual Parts of the Line AB, as AC, CD, DE, &c. but, if in 
the firſt Portion of Time, while it would move from 4 
C, it would have deſcended from A to G by its Gravity, had it 
| only been let drop from thencez it will by a Compoſition 
of theſe two Motions (Chap. IV. F. 2.) at the End of that 
Time be found in H, the oppoſite Angle of the Parallelo- 
| 2 ACGH. Then in twice that Time, viz. while it would 
have moved over two equal Portions, .” or from 4 to D, it 
would fall downwards, to M, four Times as far as before (Chap. 
V. F. 4.) and will therefore be found in J, ſuppoſing DI 
equal and parallel to HM.” Then again in three Portions of 
Time, or while it would, have moved over three Diviſions, 
that is from A to E, it would have fallen downwards nine 
Times as far as in the firſt Portion of Time. and therefore be : 
ing carried by theſe two Motions will at the End of 
Time be found in K, ſuppoſing EX, or its equal AN. nine 
Times as long as AG or CH, &c. Therefore the Lines CH, 
DI, EK, &c. which are to each other as the Numbers 1, 4, 
9, &c. are as the Squares of the Lines 4C, AD, AE; (theſe 
being only as the Numbers 1, 2, 3.) But this is the Pro- 
perty of the Parabolic Curve. (See De L' Hoſpital B. I. Prop. 1. 
Corol. 2. and Prop. 3; Corol. 1.) Conſequently the Curve 
AHIK, &c. which the Body moves in, whether thrown hori- 
zontally or obliquely, is a Parabola. 2, E. D 
Tenma 1. The Quotient which ariſes from the Diviſion of 
the Square of the Line 4C by the Line 4G, wiz. the Quantity 


LE (in either of the Parabolic Curves, Pig. 14 or 15) or ; 


; | 9 
the Square of the Line 4D divided by A, viz Th, or 
the Square of AE divided by AN, viz. _ is equal to the 


Parameter. of the Point A. for GHq is equal to 4G 21 
by the Paramęter (De L' Hoſpital Con. Sect. B. 9 1&3. 
therefore the Paraweter is equal to GH divided by AG, that is, 
es fame is demonſtrable of AD divided by AM; 4e 
and conſequently any of theſe Quantities may be indifferently 
put to expreſs the Parameter of the ſame Point. . 
Lemma 2. \ The Velocity a Body would acquire by falling 
from an Height equal to the foyrth Part of the Parameter 
the Point 4, is to the Velgcity it would acquire by falling 
from 4 to N, as AE is to twice AN, Dem, 


« © 


Chap. VII. Projectilis. 37 
Dem. Since we are comparing the Velocity, which a Body 
would acquire by falling through a fourth Part of the Parame- 
ter, with, that which it would,acquire by falling to M. let f 
be made choice of to denote the Parameter... Ther Noil ex- 
; a fourth Part of the Parameter, Now becauſe the Ve- 


ocities, acquir'd by falling Bodies, are as the ſquare Roots of 
the Spaces fall through (Chap. V. F. 6.) the Velocity, ac- . 


quir'd by a Body in deſcending through®FFFis to that Velo- 
city, which it would acquire by falling through AN, as the 
ſquare Root of 2 to the ſquare Root of ANV; that is, ex- 
| , b * 1 248 5 2 * 1 
trading the Roots of thoſe Quszüites as % LN, - 
* "MP. v4 
and, multiplying each Term by / AN. as f AE to AN, or as 
E. D. 


** 
AE to twice 4 

Prop. The Velocity a Body ought to be projected with, to 
make it deſcribe a given Parabola, is ſuch as it would gon 
by falling through a Space equal to the fourth Part of the 
Parameter belonging to that Point of the Parabola, from whence 
it 1s intended * projected. 

Dem. The Velocity with which a Body muſt be projected 
from 4 towards B, to make it deſcribe the given Parabola 
AHIK, muſt be ſuch, as would carry it to C by an uniform 
Motion, in the ſame Time that it would "deſcend by its Gra- 
vity from 4 to G; and to E in the Time it would fall to 
NM, &c. as was before obſerved. Now the Velocity, with which 
the Line AE is deſcribed with an uniform Motion, is to that 
which is acquired by the Body in falling to N in the fame 


— it ts been uniform. - But 2 2. by. Velocity. a 
y would acquire, by falling through a Space 

Part of the 8 Point 4, is Ee Which it 

would acquire by falling from A to N.  alſo-as AE" to- twice 
AN. Since therefore the Velocity, with which the Line AE. 
is deſcribed (or, which is the ſame Thing, that whereby de 
Body is projected) and that which: a Body would acquire by 

falling through a fourth Part of the Parameter” of the 21 


: > 


38 Projectilas. Part I. 
A, bear one and the ſame Proportion to that Velocity which 
a 8 by falling from 4 to N, they muſt be 
. This affords us an eaſy Method of finding what Di- 
rection it is neceſſary to throw a Ball in with a given Ve- 
locity, in order to ſirike an Object in a given Situation, v. g. 
Let it be requir'd to ſtrike an Object as X, with a Ball thrown 
from 4 with a given Velocity. Here it is only neceſſary to 
make the Tri * (ſuppoſe a right Line drawn 
4to E) fuch that Ayer which is the, ſame Thing 757, in 
the Triangle AEK, may be equal, to four Times the Space a 
Body muſt fall through, to a uire fuch a Degree of Velocity a 
that with which it is i to bethrown, and then AE will 
be the Direction ſought. In order to this we muſt lay down 
the following Lemma. 5 44 ' 
Lemma. Let there be a Circle as ABC (Fig. 16) AX a PR 
in the Point 4, AB and KI parallel to each other, let 


the other Lines be drawn, as in the Figure, I ſay A AB. 


For the Angle ABE is equal to the Angle EAX 12. Elem. 3.) 
and the Angle BAE is equal to the Angle AEK as alternate, 
therefore the Triangles ABE and AEK are fimilar ; conſe- 
quently AB is to AE, as AE to EK, and multiplying the 
extreme Terms together, and middle Terms together, AB x 
EK—AE;g and dividing both Sides of the Equation by EK, 


4B =. G E, D. By the fame Method of arguing 
77 may be proved equal to AP. | 
The PROBLEM \ 


Let it be requir'd to ſtrike an Object in a given Situation as K 
(Fig. 17.) with a Ball projected from A with a given Velocity. 
Solution. Ere& 4B perpendicular to the Horizon, and e- 
qual to four Times the Height a Body muſt fall from, to ac- 
2 the Velocity with which the Ball is to be thrown; biſ- 
this in the Point G, through which draw HC 
cular to 4B, and meeting the Line 4C to 
Dic. On C as a Center with the Radius C 4, deſcribe 
the Circle ABD; laſtly, through K draw the Line E per- 


— 


Chap. VII. Projefiles. 39 

II. Tu E greateſt horizontal Diftance, to 
which a Body . Wy Bos | 
locity, i ur che —— 45 Degrees. 
III. Ir two Balls are thrown at different 

Eleyations (but with equal Degrees of Velo- 
city) the one as much above ſorty five De- 
grees as the other below, the horizontal Di- 
ſtances (or Randoms) where Arn 
ne We 25.8 E, 24 N 

170 5 A aur * AV. Tux 


p + 2" 5 5 ' = N 
3 nns. 22. 3 1 19: - 71 ' 


pendienlar to the 8 Points F 
15 I fog 48 ov Al Il be the 73 41 og 3 and 


For by the Lon AB= For en (x frat 


Ter 


9 5 n ht a 
from, to yang the Y Gong with Has is to 


HE, * 
therefore in Equal F Ae 
* wr'd to f | 


t conſequentl 
ede, v pals th b rr E. D. 8 
Coroll. 1. From "hn it is — dat it mne Objeft40 
8 any where in the horizontal Line 40 
18.) beyond Q, the Problem is impoſſible; for then 
not touch the Circle, and the Ball will not reach 
Point with any Direction whatever. *. „Aa 2x 


- 


full-on 2. the Dit ag 72 11 
but the Angle, 727 being equip 
Segment (32. em. 3.) is equal to. hall 


120 Elem. 3. ] which is a right one 3 
Angle of 45 Degree. 


© + Carell. 3. If the Object IA} in U dom) ike 
AO (Fig. 19) but nearer to 4, than the greateſt horizontal 
Diſtance at which it may be ſtruck, Ae in ; the two 
Directions AE and Al, with which it * be hit, are equally 


GS + 


Gita 


— 
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IV. TAE Height a Body will ciſe to, when 
_ thrown perpendicularly; upwards, is equal to 
half the-greateſt horizontal Diſtance it can be 
throvn to, with the famg' Velocity“. 

Fon hence we may eaſily know how far 
2 Mortar-Piece, or other ſuch Machine, will 
- carry'a Bal. Let the Ball be ſhot perpendi- 
cularly upwards, note the Time of its Aſcent 
and Deſeent, half that is the Time of Deſcent, 
ſtom whetice we learn the Height from which 
it falls (for Bodies are ober d to fall in the 
firſt Second of Time ſixteen Feet, conſequent- 
in two Seconds th fall four rünes fxteen 
Pes t (Chap. V. 7 in three, nine Times as 
much, Gc. but ndicular Height from 
: whence it falls is A. ſame with that to which 
it aſcended, oonſequentiy ( 4.) the double of 
this is equal to the rear horizontal Diſtance 
to which that Mahon will Rary the Ball wi 
an equal Charge. #.s.. 
ps 8 


diſtant from the oh ee AH ; * 1 the Anglts 14H. and 
HA are equal, as want” a ny 


wo Elem. 3.) 
* Coroll, 3. The Altitude of -erpendicltr Projeſtion is 
8 45 he Tp ; þ the Velocity; 


* to a fourth | 

with which the 7 proj b is (er th.) ſuch as 

it would acquire by falling through a art of the Line 

4. a 5 . AB: is 2 ag half the 
H, or eateſt hori- 


19.) that is, half 
8 Dibance to @ vic te y can be — 
See Coter's' ran Þs 87. Keil's- a 
| ad Phy, Prat, 16. 
O 4 * 9 
' F * x a Yi 
| 4 ; 1 "1 p WE” 4 J * - v. 7 
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Chap. VII. Projectilbs. 4t 
V. Tut Randoms of two Projectiles, hav 
ing the ſame Degrees of Elevation, but thrown 
with different Velocities, are as the Squares of 
the Velocities : For by the laft, the Randome 
are equal to double the Heights to which the 
Bodies thrown — upwards will 
aſcend, but the (Chap. V. G. 6.) 
as the Squares of the Eee therefore the 
Randoms are ſo to. 
VI. Su POSöIKAe the Motion of the Fant, 
all Bodies, when thiown icularly up- 
wards, deſeribe Varabula s; notwithſtanding 
they both to 3 and deſcend in _ 
ſame right Line. 

. SN may very Sally be iltufirated in a 
Manner; let there be 'a Body car- + 
— formly along the Line AB (Fig. 20.) 
by the Motion of-the Earth from A rowwatth 
B; as it paſſes the Point C let it be projected 
upwards, by ſome Force underneath it 
in the Direction CO perpendicular to the ſor- 
mer; the Body will not thereby loſe its Mo- - 
tion, which it had in common with the Earth, 
towards B (by the firſt Law of Nature) but 
will be carried by two Motions, one towards 
B, the oth Le, O; let” us then ſuppoſe, 
that in the Time it Ks have advanced ſor- 
wards to P in the Line A N, it riſes upwards to 
M: * the Line CO; it will then be ſound 
D (Chap. IV. 6. 2.) In like Manner, ſup- 


pong * ald n advanced forward to . 
| ot while 


42 Projectiles. Part. I. 
while it riſes to N, it would then be found in 
E, afterwards in F, then in G, Gc. deſcribing 
the Curve CGL Which (from what was de- 
monſtrated under g. 1 Jis a Parabola®, 
Tx Reaſon, why it appears to a Spectator 
to riſe and fall perpendicularly, is becauſe he is 
carried uniformly along with it by the * 
of the Earth in the Direction AB. v. 
poſe the Spectator at Cat the Inſtant cb. Bol 
is thrown from thence, when it arrives at Dt ” 
| will be moved to P, when the Body is at E he 
wo.ill be at Q, Sc. as is evident from what was 
| obſerved about the Motion of the Body in the 
Curve; and they will both meet in L. There- 
fore ſince the Spectatox ĩmagines himſelf ſtand- 
ing ſtill, and ſees the Body always perpendicu- 
larly over his Head, he muſt of Courſe think, 
| that! it riſes right up, and falls right down. 


It may be proper to obſerve here, that E Ex 
_ periments, relating to the Motion of pro . 
Bodies, do not exactly anſwer the Theory, 
the ReGftance of the Air deſtroying Part of 


their Motion; for which a ſmall Allowance 18 
to-bemada... a4; " 


4 


= ®:Yiew: Suppoſe the Motion the Body padifn common with 
the Earth towards B (Fig. 21.) and — with which it is 
projected towards O, ſuch, as being compounded (Chap. IV. $, 2.) 
would have produced a on in the Direction CX; it will 
follow from thence, that the Path deſcribed by it will be the 
ſame, as if it had been thrown in that Direction from a Point 
as C at reſt; but in that Caſe it would have deſcribed a Pa- 
--mabola as CGL yy I.) therefore alſo in this. Q. F. D. 
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(1 1 24 


0 H A P. vn. 
of G denke and Contrifagel Fir 


THEN 9 projected in an ho- 
rizontal Direction, and by its Gravity 


made to deſcribe a Parabola, as demonſtrated 
Chapter the laſt; the Curvature of that Para- 
bola will vary in Proportion to the Velocity 
with which the Body is thrown, and the Gra- 
vity which impels it towards the Earth. For, 
the leſs its Gravity is in Proportion to the 
Quantity of Matter it contains, or the greater 
the Velocity is with which it is projected; the 
leſs it will deyiate from a ſtraight Line, and 
the ſurther it will go, e. it falls to the 
Earth. For Inſtance, if a Bullet be ſhot out 
of a Cannon from the Top of a Mountain. 


with a given Velocity in an horizontal Dire- 


ſe to 


tion, and 


goes in a Curve Line, ſuppo 


the diſtance of two Miles from the Foot of the 


Mountain before it falls to the Ground; 


the ſame Bullet. ſhot with a much greater Ve. 6 
locity, would fly to a much greater Diſtance 


before its Fall. And by encreaſing the Velo- 
city, the Diſtance to dich it is projected may 


be enereaſed as much as you pleale ; ſo that 


it will not fall to the Ground, till it is arrived 
at the 3 of ten, or thirty, or"; ninety 
F 2 Degrees ; 


[ 
[ 
| 
| 
i 
' 
, 
[| 
. 
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Degrees ; or till it has even ſurrounded the 
hate Earth, and arrives at the very Top of 
the Mountain from "whence it was projected: 
In this Caſe it. will perform a ſecond evalu- 
tion, and ſo on in infimtum without 2 new 
Projettion provided the Reſiſtance of the Air 
is taken away, Nay it may be projefted, with 
ſach Violence, that it will continuatly recede 
from the Earth, moving in a Curve, ul er 
length it goes out of the Sphere of the Earth's 
Attraction; aſter which it wilt go on in 2 
fraight Line without ever mne nnn 
may thus be illuſtrated. 

Let ABC (F. 22. 5 repreſent Ae Ban 
M the; Top of hes Mountain from "whence 
the Body is js projetted: in the Direction MQ: 
It may be thrown with ſuch Force as ro 
it to B beſore it falls, or to C, or even to ge 
round to M, deſcribing the Circle MDM; 
or laſtly; it may he madd to deſeribe the Curve 
MO, tillirgets out of the Sphere of tlie Earth's 
Attraction, ſuppoſe at O, going on afterwards 
in the infinite ſtraight Line OX, there being 
nothing to-ſtop-or alter its Courſe. Further 
it may be projected with ſuch à Forte from 
M (Fig. 23.) as will eanſe ir continually to 
recede from: the Earth, till i it arrives at the 
oppoſite Point G, deſtribing tlie Curve MKG, 
and if the Point is within the Sphere of 
the Farth's Attraction, the Body: will return 
to "EY JOY u Dare GEM exactly _ 
milar 


[ 


— 
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milar to MKG'; and in moving tiearer- and 
nearer to the Earth, till it corhes” to M, will 
regain what Velocity it leſt in going from M 
to. G, its Gravity conſpiring, with- its Motion 
from & to M in the fame Degree in which it 

oppoſed it from M to G; conſequently the 
when at M, having reeovered-the Velo« 
city, with which it ſet out, will be enabled to 


perform a ſecond Reyolution in the por hh 
d f 


as before; and ſo on. 
Again, po it had been 
the Point M, with a leſs Degree of Force than 
would have: carried it round in the Circle 
MDM (Hg. za.) but greater than would have 
ſuffered it to have fallen to the Earth at the 


oppolite Point F . 
_— —— at the Point of M from 
whence-it ſet out; for the Excefs of Velocity 
it would. — in E, by its Tendency 
towards · the Earth in its Way thither, over and 
above that, with which it was 


23;) it would alſo in 


it off again 
from the Earth, till it arrived at M; and to 
make it deferibs the Path BPM exadily fimi- | 
las, and equal to the former, loſing; in its Way: 
from F to M juſt fo much Velocity, as it 

ed by paſſing from M to F; and — 4 
would be inabled to perform an Mfinite Num- 
ber of Revolutions in the ſame Curve, with - 
out — à ſecond * 8 


From 


projecked from 
NM; would; be ſuſficiont to carry | + 
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FROM bee it follows," that ſuppoſing a 

ody projected from a Point at any Diſtance 
within the Sphere of the Earth's Ateraczen, | 
withva Force ſufficient to carry it half round 
without falling to the Surface, it is impoſſible 
it ſhould fall upon any Part of the other half; 
but will return to the Point from hence it 
ſet out, making continual ſaccefſive Revolu- 
tions in the ſame Curve; provided it meets 
with no Reſiſtance from the Medium through 
which it paſſes, nor any other We te to 2 
ſtruct its Motion ent 

Fon hence alſo” it is clear; that, the near- 
er the revolving any aP oiches to the Earth, 
the faſter it moves; elocity being conti- 
aually increaſed 2 the Time of its Acceſs 
towards the Earth, and as much retarded du- 

ring its Receſs from it. And this Accelera-/ 
tion and Retardation will always be ſuch, that 
the Body will deſcribe equal Areas in equal 
Times: The meaning of which i is, that if we 
imagine a Line conftantly extended from the 
Center: of the Earth to the Center of the 
Body, that Line will always deſeribe or pus 
e <qual 8 7 or Spaces in equal. 


* Gravity is here eppetel to be 3 — 
the Diſtance frogy the Earth, for tis poſüble that the Force, 
by which a BodyMtends towards another, may vary in 5 
Manner at different Diſtances, that the projected Body 


deſcribe a ſpiral Line, continually a oaching td, or recedipg, 
from that about which it revolves. a” 


Times, 
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Times, for it conſtantly becomes ſhorter the 


faſter it moves, and vice vers g 
AxD. for the ſame Reaſon that a r val pro- 
ed with a ſufficient Velocity, may by the 
orce of Gravity be made to deſcribe a Curve 
round the Earth, and perſotm continual fuc- 
ceſſive Revolutions therein; it follows, that 
the Moon may by. th fame 2 of Gravis 


. : 4 = 3 S. 
* Dan. Let the Time in which the Body.) 

volution be divided into equal Parts, in the 
the Body deſcribe the right _ — (Fig. 
Part of Time, if not preven go ſtraight on to c. 
deſcribing the Line Bc [equal to "4B by the firſt Law of Na- 
ture; the Lines $4, SB, g drawn, the : Tyan gle TS 
Sc B, will be equal to each other, Eheix Baſes' AB 

ing equal, and their Hei cights S the ſame (38. Zen. 1.) "When 
the Body arrives at B, 

Impulſe turn it out of the firaight Line Be ny bs Line BC; 
in which let it move on; uniformly without receiving a ſecond 
Impulſe till it comes to C. Let Ce be drawn lel to SB 
meeting BC in C; then at the End of the ſecond. Part of Time 
the Body will be found in C, having deſeribed the Diagonal 
of the Parallelogram Ne (Chap. IV. J. 2.) Draw SC, and the 
Triangle SCB will be equal to the Triangle c B, each hav- 
ing ſame Baſe 8 B and being between the ſame Parallels 
Cc and SB) and therefore Alſo; equal toithe'Triangle A. 
For the ſame Reaſon, if the centripetal Force acts in the Points 
C. D, E ſucceſſively, ſo as to make the Body deſcribe the 
iraight Lines CD, DE, EF, &c. in ſo many — Parts of 
Time, the Triangles $CD, SDE, SEE &c3-will be all equal 
to one another and to the Triang le 84B. Conſequently equal 
Areas are deſcribed in equal Times Let us them ſuppoſe the 


ſt of which let 


Baſes, of thoſe Trianfiles, © viz. AB,” BC, CD, DE, &c. d- 


miniſhed in infinitum, and likewiſe the Tim in which they 
are deſcribed z then will the Perimeter, 4, B, C, D. E. F. 
&c. become a Curve, and any Number of thoſe Triangles taken 
together (or their Areas) * Us 
in which ey are e 


* = a 
_ - 2 4A * 0 N * on 


a 


24.) in the ſecond 


the centripetal Force by one fingle 


1 28h HOY to the Times 
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ty be made to revol ve about the Earth or any 
other Planet by the like Force, about the 
Sun; if the Velocities with which they move 
are duly — the Forces, by which 7 


are acted upon. 
Wu a Body terolres about another in 


this Manner, that Force or Power by which ir 
is prevented from flying off (as it otherwiſe 
would do in a Tangent to the Curve which it 
deſcribes) is call'd the Centripetal; the Coun- 
ter- action of this, by which it endeavours to 
fly off, the rfug al ; theſe, by the third 
Law of Nature being equal to each other, 
are called by one common Name, Central 
Forces; that with which the Body is at firſt 
Pal, Rr or continues its Motion from any 
* and the Time 
in which it one Revolution, the 755 ö 
riodical Time. 


Ten Santa dg 60 thi A6 
tions of the a Nl be more 


largely treated of 1 in another Place. 
Dy, the Communication « Motion. 


I. | EFORE we proceed to 8 | 
Laws, by which Bodies communicate 


their Motion nd one to another, it is ver 
* neceſlary 


2 — 
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neceſſary to make a Diſtinction between Mo- 


tion and Velocity; which ought to be well obs. 


ſery d, and is as follows. | 
Br the Motion of a Bod: y-(ſfometimes called 


its Quantity of Motion, — — its Momen- 


tum) is not to be underſtood the Velocity only, 
with which the Body moves; but the Sum of 
the Motion of all its Parts taken together: 
Conſequently the more Natter any Body con- 
tains, the greater will be its Motion, though 


its Velocity remains the ſame. Thus, ſuppoſing 
two Bodies, one containing ten Times the Quan- 


tity of Matter the other does, moving with 
equal Velocity; the greater Body is faid to 
have ten Times the Motion, or Momentum, 
that the other has: For "is evident, that a 
tenth Part of the larger has as much, as the 


other whole Body. In ſhort, that Wality in 
moving Bodies, which Philoſophers underſtand 


by the Term Momentum or Motion, is no 
other than what is vulgarly called their Force, 


which every one knows" to de on their 
Quantity of Matter, as well, as their Velocity. 
This is that Power, a moving Body has to affect 
another in all Actions that ariſe from its Mo- 
tion, and is therefore a n Principle 
in Mechanics, 


II. Now, ſince this Momentum, or Force, 


depends equally on the Quantity of Matter a 
Body contains, and on the Velocity with which 
it e the Method. to determine how 


G Git — great . 
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poor it is, is to multiply one by the other. 
us, ſuppoſe two Bodies, the firſt having 
twice the Quantity of Matter, and thrice 
the Velocity which the other has; any two 
Numbers, that are to each other as two do one, 
will expreſs their Quantities of Matter (it be- 
ing only their relatiye Velocities and Quanti- 
ties of Matter which we need confider) and 
any two Numbers that are as three to one 
their Velocities; now multiplying the Quan- 
tity of Matter in the firſt, viz. two by its Ve- 
locity three, the Product is ſix; and multi- 
ply! ing the Quantity of Matter in the ſecond 
y its Velocity, viz, one by one, the Product 
is one ; their relative Forces therefore or Pow- 
ers will be as fix to one, or the Moment of one 
is fix Times greater than that of the other. 
Again if their Quantities of Matter had-been 
zs three to eight, and their Velocities as two to 
three, then would their Moments have Wan 
an? twenty four, that is, as one to four. - 1 
HIS, being rightly apprehended, what 
lows, s being rg — the Communica- 
tion of Motion by Impulſe, and the mechani- 
cal Powers, will be caſily underſtood. I 


32 he Communication 8 Motion. 8 


L I Bodies not Elaſtic, 


III. Tzose Hides are ſaid to be not Ela- 
Lie, Which, when 9 ſtrike againſt one ano- 
| ther, 
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ther, do not rebound, but accompany one a- 
nother aſter Impact, as if they were joined. 
This proceeds from their retaining the Impreſ- 
ſion, made upon their Surfaces, after the im- 
preſſing Force ceaſes to act. For all rebound» 
ing is. occaſioned by a certain Spring in the 
Surfaces of Bodies, whereby thoſe 3-4 which 
receive the Impreſſion made by the Stroke, 
1 back, and throw off the 
impinging Body; now, this being wanting in 
Bodies you 7 Elaſticity, there follows no Se- 
paration aſter Impact. ann 
. IV. Wazn one Body impinges 2388 
which is at reſt, or moving with leſs: Velocity 
the ſame. Way, the Quantity of the Motion 
or Momentum in both Bodies taken together 
remains the ſame after Impact, as before; for 
by the third Law of Nature, the Reaction of 
one being equal to the Action of the other, 
what one gains, the other muſt loſ. 
Tuus, ſuppoſe two equal Bodies, one im- 
pinging with twelve Degrees of Velocity on 
the other at reſt: The Quantities of Matter in 
the Bodies being equal, their Moments and 
Velocities are the ſame; the Sum in both 
twelve; this remains the ſame after Impa&t 
(6. 4)-and is equally divided between them 
(J. 3.) they have therefore fix a- piece, that is, 
e impinging Body communicates” half its 


* I G 2 V. WHEN 


— 
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V. Warn two Bodies impinge on each o- 
ther by moving contrary : Ways, the Quantity 
of Motion, they retain after Impact, is equal 
to the Difference of the Motion they had be- 
fore ; for by the third Law of Nature, that, 
which had the leaft Motion, will deftroy an 
equal Quantity in the other, after which they 
will move together with the Remainder, that 


is the Difference. | THO 

Tus for Inftance, let there be two equal 
Bodies moving towards each other, the one 
with three Degrees of Velocity, the other with 
five, the Difference of their Moments or Velo- 
cities will be two; this remains the fame after 
Impact (J. 5.) and is equally divided be- 
tween” them (S. 3.) they have therefore one 
a-piece: That is, the Body, which had five 
Degrees of Velocity, loſes three or as much as 
the other had, communicates half the Remain- 
der, and keeps the other half. TH 


From theſe Pofitions it is eaſy to reduce a Theorem, thay 
ſhall ſhew the Velocity of Bodies after Impact in all Caſes what - 
ever. Let there be two Bodies A and B, the Velocity of the firſt 
4, of the other þ ; then (F. 2.) the Moment of 4 will be ex- 
preſſed by Aa, and of B by Bb; therefore the Sum of both 
will be 4a-+Bk; and Aa. will be the Difference when 
they meet. Now theſe Quantities (by 5. 4. and 5.) remain the 
fame after Impact; but knowing the Quantities of Motion and 
— of Matter, we have the Velocity (which 5. 3. is the 
e in both) by dividing the former by the latter (as follows 

| Aa+Bb An—Bb * 


— - 


from F. 2.) therefore 2 rf vill in all Caſes ex 


fl. In 


MA 
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n. In Elaſtic Bodies. 


VI. Bopies 8 Elaſtic are ſuch 3. 
bound after Impact with a Force equal to that 
with which they impinge upon one another: 
T n of their Surlaces, that receive the 
Impreſſion, immediately ſpringing back, Baa 
nr off the im 2 Holes v | 
Force equal to that of Impact. 

VIL js hence it follows: that the AB 
of Elaſtic Bodies on each he 8 the 
8 being equal to that of the Stroke) is 
6m M WS, as. the ſame in Bodies yoid of 
Elafticity. T herefore, when Elaſtic N 
impinge on each othe?, the one loſes, and 
the other gains twice as much Motion as if 
they had not been Elaſtic ; we have therefore 
an eaſy Way of determining the Change of 
Motion in Elaſtic Bodies, knowing firſt what 
it would have been in the ſame Cir 
had the Bodies been void of Elafticity. 
Tuus, if there be two equal and Elaſtic 
Bodies, the one in Motion with twelve De- 
grees of Velocity im m5 on the other at 
reſt, the impinging will communicate 
845 as much Velocity as if it had not been 

aſtic, that is 4.) twelve Degrees, or 
all it had; eie it will be at reſt, and 
the other will moye on with the Youu? Veloci 
9 of the former. *. 
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dies is Elaſtic, provided the other be infinitely 
Body will the double of what it would have 
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VIII. Ir ſometimes happens, that in Bodies 
not Elaſtic, the one loſes more than half its 
Velocity, in which Caſe, ſuppoſing them E- 


 laftie, it loſes more than all; that is, the Ex- 


ceſs of what it loſes, above what it has, is ne- 
gative,' or in a contrary DireQion; thus, ſup- 
» the Circumſtances of Impact ſuch, that a 
y, Which has but twelve Degrees of Vels- 
* fixteen; the overplus four is to be 
22 the contrary Way, that is, the Body will 
rebound with four Degrees of Velocity. 'V, 95 

Let it be tequired to Getermnitie the Veloci 

of a Body aftex Impact againſt an immoveable 
Obje&. Let us firſt ſupp oſe the Object 12 
Body both void of Flafticity : 'Tisevident the 
Wü geg Body would be ſtopp'd or loſe all its. 
Motion, and communicate none; if of 10 
7. 


Elaſtic, it mut loſe twice as much by 
and conſequently will rebound wi 
equal to that of the Stroke. 

IX It is ſuffcient if only one of the Bo. 


OT 0 


hard: for then. the Impreſſion in the Flaſko 


been, had they both been equally Elaftic : 
confequent] 775 1 With which they re- 
eus will be the fame. as if the Impreſſion 


th d been Equally « ided een the two 


. Tait are no Bodies, that HRT 
of, either perſectly Ela ſtic, or infinitely * 


11 Tur 
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the nearer therefore any Bodies a 'to 
Perfe&ion of Elaſticity, 10 much the nearer do 
the Laws, which they obſerve in the mutual 
Communication of their Motion, _— to 
thoſe we have laid down. 

XI. Sir Ian Newton made Trials with 
ſeveral Bodies, and found that the fame De- 

ree of Elaſticity always appeared in the ſame 

„with * orce were 
ſo that the Elaſtic Power, in all the Bodies he 
made Trial upon, exerted itſelf in one conſtant 
rtion to the compreſling Force. He found 
the Celerity with which Baſls of Wool, bound 
up very compact, receded from each other, to 
bear nearly the Proportion of five to nine to the 
Celerity wherewith they met; and in Steel, he 
found nearly the fame Proportion ; in Cork the 
Elaſticity was ſomething leſs, but in GlaG 
much greater ; for the Gelerity, with which Balls 
of that Material 1 alter Percuſſion, he 
found to hear the Prop of fifteen to ſix-" 
teen to the Celerity where with the * 1 
XII. We have hitherto ſu 


rection, in which Bodies n 
. e 
When it is not fo, d ends Impact 


be leſs, by how much the more that Biscken 
varies from the P : ſor it is ma- 


nifeſt that a direct p is che en 


| * Nome Prin wan 24. 
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others that can be given with the ſame Degres 
of Velocit 
XIII. Tn is the Caſe, when Bodies impel 
one another by acting upon their Surfaces z 
but in Wee” where the Surfaces of Bodies 
are not concerned, as in Attraction, (5c. we 
muſt not conſider the Relation which the Di- 
rection of the Force has to the Surſace of the 
Body to be moved, but to the Direction in 
Which it is to be moyed by that Force. Here 
the Force of Action will be leſs, by how 
much the more theſe two DireCtions vary 
| Caſes 


from each other f. My Meaning in 
* The Fotce of oblique Percuſſion is to that of direct, as the 


Sine of the Angle of Incidence to the Radius. | 
Dem. Let there be a Plane as AD (Fig. 25.) againſt which let 
a a Body impinge in the Point D in the Direction BD : which Lise 
may be ſuppoſed to expreſs the Force of direct Impulſe, and may 
be be reſolved + into two 9 2 (Chap. IV. F. z) BC and 54; the 
one parallel, the other icular to the Plane; but that Force 
which is exerted in a Direction parallel to the Plane can no Way 
affect it ; the Stroke therefore ariſes wholly from the other Force 
expreſſed by the Line BY ; but this is to the Line BD, as the Sine 
of the Angle of Incidence ADB to the Radius ' from whence 
the Propoſition is clear. 
If che Surface of the Body to be ſtruck is a curve, then let AD 
be made a Tangent to D n 
ſtration will be the ſame. | 


+ The Force of oblique Action is to that of direct 46 
Sime of the Angle comprehended between the — of the 
A and that wherein a Body is to be moved thereby, to the 
adius. 
Dem. Let FD (Fig. 26.) repreſent a Force acting upon a 
Body as D, and impelling it towards E ; but let DM be the 


bol Way in which it is poſſible for the Body a 
Orce 


— 
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Caſes will be underſtood from the Inſtance of 


a Ship under Sail. The Force, by which the 
Wind acts upon the Sail, will be leſs, by how 
much the more its Direction varies From one 


that is perpendicular to its Surſace: But the 
Force of the Sail, to move the, Ship fore d, 
will b be leſs, by how. much the more the Di- 
FO 0 the Ship ys Cours er 1 
1 yup is impell'd by the Sai x} 
534 this 3 3 ws add the. following 
ade relating to Clique Forces, vis. 
t, if a Body is drawn or... 
different Ways at the ſame Time 


y as many 


BY ces acting in different DireRtiors; and if 


Quantity of thoſe Forces is ſuch, that the 
Body 15 kere' in its Place by them: Then wi 
Forces. be. to each otber, as the ſeve- 
ral Sides of a Triangle, drawn, E 
parallel to the Directions in POR: they at”. 


Force #D may 7 be refolyed (Chap. Fa into 10 offers FG 
a PH; or which is byuch'to 2 pride that 
ouly the Force — — . 


e Radius, GD is the Co-Sine of the 
a. en the i Direktion, fem, ; fo 


by ane ip Wh erg gene 


". 9 Las the Lines 4. 4D, 48, * 27s Ae, 
dhe three: Forces acting apoh the Body 4 in Anas 

and by that Means —— it at reſt in the Point 4. * 
the Forces EA and DA will be equivalent to BY, otherwiſe 


the Body would be put into Motion by them contra a 


Bat theſe Forces are alſo equivalent to AC (Chap. IV. g. 

conſequently 40 may be made uſe of to . the Force AB 
ES, which is Parallel and equal to expreſs | 

e 1D, while 43 an + own: But ACE is a Tri» 


angle 


led three | 
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CHAP. X. 
Of the Mechanical Powers. 


accounted for the Communication of 
Motion by Impulſe; we'proceed next to con- 
fider Motion as communicated by Means of 
certain Inſtruments, commonly known by the 
Names of Mechanical Powers. The Uſe of 
| theſe Powers conſiſts chiefly in managing great 


Weights, or 8 other Works with a 


determinate For 
II. TuEr arc uſually reckoned five. viz. 


The Lever, the Wheel and Axis, the Pully, 
the Screw, and the Wedge; to * ſome 
add the inclined Plane. To theſe all Machines 
how complicated ſoever are reducible. 
III. Tusk Inſtruments have been of very 
ancient Uſe; ſor we find that Archimedes was 
well acquainted with the Extent of their Pow- 
er; as may be inferred from that celebrated 
Saying of his, 4% 7 56, xa Tv. you Know. 
By which he meant, that the greateſt imagi- 
nable Weight might be moved with the W 


leſt Power. 


le whoſe Sides are a rallel to 1 given Ditto; : 
therefore the Sides of this Triangle will expreſs the Relation of 


the Forces by which the Body is kept at reft. F E. D. 


H ING, in the foregoing Chapter, 


V. Tur 
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IV. Tur Body, which communicates Mo- 
tion to another, is called the Power ; that which 
receives it, the eight. 

V. Tuar Point in a Body, which remains 
at reſt, while the Body is turning round, is 
called the Center of Motion Beſides this, there 
are two other Centers in Bodies, 1. That of 
Magnitude, which is a Point, as near as poſſi- 
ble, equally diſtant from all the external Parts 
of the Body; 2. That of Gravity, or that, about 
which all the Parts of the Body, in whatever 
Situation it is placed, exactly balance each o- 
ther. 

VI. Wu a Body communicates Motion 
to another, it loſes juſt ſo much of its own, as 
it communicates to that other; the Action of 
one being equal to the Reaction of the other. 
See Chapter the laſt, . 4. and 5 

VII. Wren two Bodies have ſuch Rela- 
tion to each other (ſuppoſe them fixed to diſ- 
ferent Parts of the Ps Machine) that if one 
be put into Motion, the other will thereby 
neceſſarily have ſuch a Degree of Velocity gi- 
ven it, that their Moments will be equal; it 
will then be impoſſible, that one ſhould begin 
to move without communicating to the other 
a Quantity of Motion equal to its own; tis 
evident therefore from the laſt Propoſition, that 
if we ſuppoſe it to begin to move, in that 
very Inſtant it muſt loſe all its own Motion 
by * the whole to the other 
H 2 * 
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Body, and therefore, being left to itſelf, will y 
remain at reſt, and communicate none at all. 

Now the Moments of two Bodies are equal 
(Chap. IX. F. 2.) when the Velocity of the 
firſt is to that of the ſecond, as the Quantity 
of Matter of the ſecond to that of the firſt; 
or if we ſuppoſe their Quantities of Matter 
as one to three, then by the Suppoſition their 
Velocities are as three to one; and if we mul- 
tiply the Quantity of Matter in the firſt, vi. 
one, by its Velocity three, and that of the o- 
ther, 242. three, by its Velocity one; their Pro- 
ducts are equal; their Moments are therefore 
by the Definition (Chap. XI. G. 1. and 2.) equal. 
They will alſo be equal, when the Spaces the 
Bodies paſs over are in that Proportion; for the 
Times they both move in being the ſame, the 
Spaces will always be as the Velocities. 

VIII. FRox hence it follows, that in any 
Machine, whether ſimple or compound, the 
Power however ſmall may have a Moment 
equal to that of the Weight ; provided: the 
Machine be ſuch, that when it is in Motion, 
the Velocity of the Power ſhall bear ſuch Pro- 
portion to that of the Weight, as the Weight 
does to the Power; for then, what the Power 
wants in Quantity of Matter or Weight, will 
be made up in Velocity; conſequently their 
Moments will be equal by g. the laſt, and 
therefore by g. 7. they will exactly balance 
each other; or be in Aquilibrio. 

f IX. Bur 


.. ˙ or: 


fixed Point. 
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IX. Bur if the Power bears a greater Pro- 
ion to the Weight, than the Velocity of 
the Weight to that of the Power; it will 
then have a greater Momentum than the other; 
ſo that though the other receives all its own 
Moment from it when the Machine moves, 
yet there will ſome remain, which if it be ſuf- 


_ ficient to overcome the Friction of the Machine, 


will keep it moying. 


We proceed now to treat of each ene 
nical Power in its Order, and 


IG ieee 


X. Tur Lever is a right Line (or Bar whoſs 
Weight in Theory is not conſider d) moveable 
on a Center, which is called its Fulcrum, or 


XI. Tus Aquilibrium in this Machine bs 
when the Diftance of the Power from the fixed 
Point is to that of the Weight from the ſame, 


as the Quantity of Matter in the Weight is to 


that 1 in the Power. 

Fox, ſuppoſing the Lever placed on its Ful- 
crum with the Weight to be raiſed at one 
End, and the Power applied to the ook; 
tis evident, the farther the Power is p 
from the Fulcrum or Center of Motion, the 
larger will be its Sweep when. the Machine is 
put in Motion ; that is, it will moye over pro- 
portionably more Space in the ſame Time than 
the Weight to be raiſed ; now, if it is placed juſt 


ſo 
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ſo many Times farther from the Fulcrum, as it is 
leſs than the Weight, it will move juſt ſo many 
Times faſter; their Moments therefore will be 
equal (5. 7.) and conſequently the Power and 
Weight will exactly balance each other, or be 
in AMquilibrio *. And, if the Power is ſuffi- 
ciently augmented to overcome the Friction of 
the Machine, it will put it in Motion. 

Tus Lever is of three Kinds. 1. When the 
fixed Point is between the Weight and the 
Power, as in the laſt Caſe. 2. When the 
Weight is between the fixed Point and the 
Power. 3. When the Power is between the 
fixed Point and the Weight, 

Ix all which Caſes the Eq 


uilibrium will 
be, when their Diſtances from the fixed Point 
are ſuch, that their Velocities ſhall be inverſe- 


ly as their Quantities of Matter; for then (by 


6. 7.) being at reſt, neither of them will com- 
municate any Motion to the other 
Tur common Scales may be conſidered as 


3 Geometrically thus. Let JB (Er. 28.) repreſent the Le- 


ver, F the Fulcrum, the Weight, P the Power, the one ſuſ- 
panes at the Extremity of the: Lever 4, the other at B, and 
et BF be to JA as V to P; then while the Lever moves from 
the Situation AB into that of CD, the Point B which ſuſtains 
the Power will move as many Times farther than 4 which ſuſtains 
the Weight land conſequently as many Times faſter ſince they per- 
form their-Motions in the ſame Time) as the Arch BD is longer 
than AC ; that is, the Triangles BFD and AFC being ſimilar, 
as the Arm BF is longer than AF, which (ex Hypoth.) is as many 
Times as the Weight'exceeds the Power, they. will therefore 


(J. 7.) be in Æquilibrio. Q. E. D. 71 
2 a Lever 


. 
% - 


_ 
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2 Lever of the firſt Kind, where the Weight 


and Power are applied at equal Diſtances from 


the fixed Point. 

The Steelyard is alſo a Lever of the fickk 
Kind, but whoſe Arms are unequal. 

Taz Difference between the Uſe of the. 
Scales and the Steelyard conſiſts in this; that 
as in one you make uſe of a larger Power (or 
more Weights) to eſtimate the Weight of an 
heavier Body; in the other you — the ſame 
Power, but give it a greater Velocity with re- 

ſpect to that of the Weight by applying it 
arc ther from the fixed Point, which by $ 7. 
will have the lame Effect. 


II. The Wusrl and Axis, 
XII. Tris Machine is a Wheel, that turns 
round together with its Axis; the Power in 
this is applied to the Circumference of the 


Wheel, and the Weight drawn up by Means 
of a Rope wound about the Axis. 


XIII. In this there will be an ab 


when the Weight is to the Power, as the Dia- 
meter of the Wheel to the Diameter of the 
Axis. 


Tis evident the Velocity of the Power will 


exceed theVelocity of the Weight, as many Times 
as the Circumference of the Wheel exceeds that 
of its Axis; becauſe the Spaces they paſs over 
in one Revolution will be as thoſe Circum- 
ſerences ; that is, as many Times as the Dia- 
meter 
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meter of one 'exceeds chat of the other (the 

Cireumferences of Cireles being as their Dia- 

meters ;) what therefore in this Caſe the Pow - 

er wants in Weight will be made up in Velo- 

city, from whence e eee 
quilibrium . 

Tur "Uſe ef this Machine is to raiſe 
Weights to greater Heights than the Lever 
can do, becauſe the Wheel is capable of be- 
ing turned ſeveral Times round, which the 
Lever is not; and alſo to communicate Mo- 
tion from one Part of a Machine to another; 
accordingly there are fey #7; 127. Machines 

without it. 


Il. The Puttzr. 3 
NIV. A Pulley is an Inſtrument ed 
of one or more beg) moveable on wen 

_ | 
XV. A finde Puky if i Arie * xed, 
is of no other Uſe, than to alter the Direc: 
tion of the Power; * "for the Power and 
Weight will both move” through an equal 


p Gen thus. Let 4B (Fig. 29.) be the Diame- 
ter of the Wheel, DE that of the Axis, #. the Weight, and 
| p the Power ; when, the Wheel begins to moye; the Point 

and D will deſcribe ſimilar Arches about the Center Ee. in 
the ſame Manner the Point 4 and B in the Lever were: fliewn 
to do about the fixed. Point F (Fig. 28.) that is, the Point B 
will move as many Times faſter chan D, as CB is longer than 
CD or AB than BE, che Motion therefore of P ($. 7% will 


be _ that of IF. * whence the Propoſitions, clear. 
MW | | . 
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Space in the ſame Time. But in a Pulley 
not fixed, as in Fg. 30. where the Rope 
runs under it, or in a Combination of Pullics 
as in Fig, 31. the Æquilibrium will be, when 
the Power is to the Weight, as one to the 
Number of Ropes, that paſs between the up- 
per and lower Pullie . 
Fox, ſuppoſe one End of tlie Rope fixed 
in B (Fig. 30.) and the other ſupported by the 
Power P, it is evident, that in order to raiſe 
the Weight W one Foot, the Power muſt riſe 
two, for both Ropes, viz, BC and CP, will 
be ſhortened a Foot a-piece,” hen the Space 
run over by the Power will be double to that 
of the Weight; if therefore the Power is to 
the Weight” as one to two, their Moments will 
be equal: for the ſame Reaſon, if there be four 
Ropes paſſing from the upper to the lower | 
Pullies as in Fig. 31. the Velocity of the Power 
will be quadruple to that of the Weight, or as 
four to one, Sc. In all Caſes therefore when 


the Power is to the Weight, as one to the - | 


Numbet of Ropes paſſing from the upper to 
the lower Pullies (J. 7.) there will be an - 
quilibrium. aiunpex id dd 11.088 

XVI. Ir the Pullies be diſpoſed as in Figure 
the 3 ad, each having its own particular Rope, 
the Action of the Power will be very much 
increaſed ; for here every Pulley doubles it, 
wherefore the Power is four Times greater 
with two Pullies, eight Times with three, 
| -" ſixteen 
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xteen Times with four, Sc. For, it is. evi 

at from the Conſideration of the Figure, the 
firſt will move half as faſt as the Power, 
the ſecond: half as faſt as that, and ſo on; 
vherefore (9. 7˙0 the Power IS doubled by 
each Pulley. 
Tux Uſe of the Pulley / is nearly the ſame 
with that of the Wheel — * but it is 
more rams and caſter to be fixed 0/2 


IV. The Screw, 1 
XVII Ix this Machine the Aquilibriam 
will be, when the Power is to the Weight, 
as the Diſtance between any two contiguous 
Threads or Spirals in the Screw, to the Way 
_— by the Power in one whole Revolu- 
It is manifeſt from the Form of the 
Machine (Fig. 33.) that in one Revolution of 
the Screw, the Weight will be moved through 
a Space equal to the Diſtance of two conti- 
guous Threads, and that the Power will run 
through a Space equal to the Compals it takes 
in one Revolution, therefore (g. 7.) if the 
Weight is to the Power in that Fe 
there will be an Equilibrium. 
Tuts Machine is of great Force, and very 
uſeful in 3 Bodies in a compreſſed 


State, becauſe it will not run back, as the 
e fore . will, when the Power is re- 
his ariſes * the great Friction 


Y 2 
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of thoſe Parts in the Screw, which during its 
Motion ſlide upon thoſe that are at Reſt. 


V. The Wrepes. ' | 
XVIII. Tuts Inſtrument is formed by two 
equal ReQangles, joined at their lower Baſes, 
and ſeparated at their upper ones, . by a third ; 
which is called the Back of the Weage; the 
other two, its Sides. | | | 

XIX. In the foregoing Mechanical Powers 
we have all along conſidered the Weight, as 
moved in the fame Direction with that, in 
which it is ated _ upon by the Machine, as is 
commonly the Cafe ; but in this, the Weight 
is generally applied in ſuch a Manner, as to be 
made to move in a Direction different from 
that, in which it is protruded by the Wedge; 
hence it is, that Mathematicians have wide - 
ly differed in their Determination of the 

ower of this Machine, ſome conſidering the 
Weight as moved N it in one Direction, and 
ſome in another. Nay, there are ſome, even 
among the late Writers, that have been led 
into manifeſt Errors by it. We will there- 
fore lay down the ſeveral Proportions, they 
haye given us, for the determining the Power 
of this Machine, and examine them one by 
one. I. It is demonſtrated by ſome, that the 
Power will be equivalent to the Reſiſtance of 
the Weight, when it bears ſuch Proportion 
to it, as the Breadth - the Back of the Nw 
2 oes 
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does to the Sum of its Sides; or, Which is 
the ſame Thing, as half that Breadth to one of 
its Sides. 2. Others make it ſomewhat larger, 
and demonſtrate, that it ought to be, as half 
the Breadth of the Back to the perpendicular 
Height of the Wedge. 3. Some are of Opi- 
nion, that there will not be an Æquilibrium 
in this Machine, unleſs the Power is to the 
Weight, as the whole Breadth of the Back to 
the perpendicular Height; vis. WAIIIs, 
KxII, Sc. 4. GRAVESANDE in his Elements 
(L. I. Chap. 13.) gives us the fame Proporti- 
on with the laſt; and in his Scholium de ligno fin- 
dendo, tells us, that when the Parts of the Wood 
are ſeparated no farther than the Wedge is dri- 
ven in, the Æquilibrium will be, when the 
Power is to the Reſiſtance, as half the Breadth 
of the Back of the Wedge to one of its Sides. 
Tuosk, who lay down the firſt Proportion 
for determining the Power of this Machine, 
ſuppoſe the Parts, which are ſeparated from 
each other thereby, to recede from their firſt 
Situation in Directions perpendicular to the 
Sides of the Wedge. Thus let ACB (Hg. 34.) 
repreſent a Wedge; P, P, two Bodies to be 
feparated by it, the one to be moved towards 
I, the other towards F, in the Directions CT, 
and CF perpendicular to AC and CB; then 
tis evident, that when the Wedge is driven 
in to the Situation MNO, the two Bodies 
will be moyed to Q and Q that i, REP 
Wy Tho 5 Have 
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6g 


bave paſſed through the CK, the other 


through CL, but theſe Spaces being equal, 
their Velocities are the ſame as if they had 
both paſſed over one of them, v. g. CL, or 
which is equal to it DG (drawn perpendicu- 
lar to CB); therefore the Power, which we 
ſuppoſe applied at D, moves through DC, while 
the Obſtacle moves through DG, conſequent- 
ly ( 7.) when the Power is to the Weight 
as DG to DC, that is, as DB to CB“, or 
half the Back of the Wedge to one of iti 
Sides, they will be in Æquilibrio. This Pro- 
rtion therefore, When the Parts of the 
Weight are ſuppoſed to be moved by the 
Wedge in the Directions CI and CF, 1s 
true. N . 
2. Tux ſecond Proportion is alſo true, ſup- 
poſing the Bodies P, P, to recede from al 
other in the Directions CN and CM, parallel to 


AB the Back of the Wedge; for, when the 


Wedge is driven in between them, to the Si- 
tuation MNO, the Bodies will have moved 
through a Space as CN, or which is equal 
to it DB, half the Back of the Wedge, and 
the Power through a Space equal to its Height 


as before; conſequently (J. 7.) in this Caſe, 


the Aquilibrium will be, when the Power ig 


= For (8 Elem. 6.) the Triangles DCG and DCP are fimilar, 


and conſequently DG: DC:: DB: CB. 


to 
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to the Weight, as half the Back of the Wedge 
to its Height®. 

3. Tuosk. who imagine there will not be 
an ZAquilibrium, unleſs the Power be to the 


The ſame may be otherwiſe demonſtrated from Section 14. 
Chapter 9. thus. Let there be a Body as L (Fig. 35.) drawn 
againſt the Wedge AFC by the Weight W, in the Direction LF, 
parallel to the Back of the Wedge 4B; but preyented from 
fliding down towards C, by a Plane (whoſe upper Surface we 
may ſuppoſe reprefented by EF) lying under it. I fay, the 
Power will be to the Weight, when they are in Æquilibrio, as 
DAto DC. | 

Dem. The Body L is here acted upon in three Directions, 
wiz, by the Force of the Weight in the Direction LF, b 
the two Planes CA and EF. in the Directions LG and LF, 
perpendicular to their Surfaces ; let GE be drawn parallel to 
LI. then will the Triangle LGE have all its Sides reſpec- 
tively parallel to thoſe Directions; conſequently (Chap. q. 5 14) 
if we {ſuppoſe LE to expreſs the Force of the Weight, GE will 
expreſs that of the ſuppoſed Plane, or which is the equal to it, 
becauſe they act in contrary Directions to that of the Power: But 
GE is to EL, as DA to DC (for the Triangles EGL and DAC 
are ſimilar, the Sides of one being ex Conflru?. reſpectiveſy 
Na to thoſe in the other ; v. g. LG to CA. EL to 
DC, and GE to DA); conſequently the Power is to the 
Weight, when they balance each other, as half the Breadth 
of the Back of the Wedge to its Height. 2. E. D. 871 

Corel. Suppoſe the Body EL had been drawn apainſt the 
Wedge in the Direction GL perpendicular to its Surface, and 
were to be moved by it in the contrary Direction towards 
G. as in the firſt Caſe ; then if G expreſſes the Force with 
which it is drawn towards the Wedge, GE will be that} with 
which it reſiſts the Power; but GE is to GL as DA to AC, 
the "Triangles EG L and DAC being ſimilar ; conſequently ia 
this Caſe, the Power will be to the Weight, as half the Breadth 
of the Back of the Wedge to one of its Sides ; as was before 
demonſtrated. "1 It | 
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Weight, as the whole Breadth of the Back 
of the Wedge to its Height, ſuppoſe, as in 
the laſt Caſe, that the Bodies to be ſeparated, 
recede from each other in Directions parallel 
to the Back of the Wedge; and endeavour 
to ſupport their Opinion by the following Ars 
gument : viz, that, when the Wedge is drixen 
in to the Situation MNO (ig. 34.) as before; 
each Part of the Weight EEE moved through. 
a Space equal to half the Back of the Wedge; 
the whole Weight has therefore moved through, 
twice ſo much, or a Space equal to the whole 
Back: as much as to ſay, the Whole has mo- 
ved farther than its Parts; which i is abſurd. 

4. Tis is GRAVESANDE'S Miſtake | in his 
Elements, the ſame he has al ſo made in his Schon 
liam de liguo findendo, and thereby determined 
the Power in both Places to be twice as big, 
as it ought to be. If he had proceeded in the 
ſollowing Manner, his Argument would have 
been eaſier, as well as the Concluſion juſter. 
Suppoſe the Wedge ABC 5 * 25 the 
Wood .. (as repreſented F 8 36.) which 
is ſplit no farther than the Point of the 
Wedge (or however no farther than is juſt 
ſufficient to give it Room to. move) which 
Caſe GRAvesanDE ſuppoſes in his Scholium, 

I fay, that in this Situation, of the Wedge, 
the Power is to the Weight, -as one fourth 
Part of the Back of the Wedge to one of its 


Sides. For it is evident, that when the Upper 


* 
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Ends of the Wood, which preſs againſt the 
Wedge in the Points G, H, are put into Mo- 
tion by the Wedge, they will move in the 
Directions HT and GF, perpendicular to the 
Sides of the Wedge "beaſts they turn as it were 
upon a Joint at oY” which we always ſuppoſe 
nodes to C: again, ſince only the upper 
Ends of the Wood are put into Motion, and 
not the lower ones, which remain at L; tis eyi- 
dent, that the Motion of each Piece (ſfuppoſin 
their Thickneſs the fame from End to End, 
their Subſtance uniform) will be but half, 
what it would have been had the lower ones 
moved with the ſame Degree of Velocity. Now, 
were alhthe Parts of the Wood to have the 
fame Degree of Velocity with the upper ones, 
the Power would be to the Weight, as in the | 
firſt Cafe, viz.as DB to BC (Ex. 34.) ; there- 
ſore in this Caſe, it is as half DB to BC, or 
as one fourth Part ofthe Back of the Wedge to 
one of its Sides. Which was to be proved. 
XX. Tur Form of the Auelined Plane being 
no other than that of half a Wedge, as is ma- 
nifeſt from the Repreſentation of it (Eg. 37.) 
it follows that what has been ' demonſtrated 
of the one, may be applied to the other, and 
the Pr opertics of both will be found the ſame. 
For 5 whey if the Weight W is to be raiſed 
up the Plane CB, by the Power P, in a Di- 
rection parallel to ths Plane , inſtead· of that, 


we y ſuppoſe the Weight * 


— 
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running off the Plane by the String WH, and 
the inclined Plane driven under it like a Wedge 
in the Direction DC: then will the Weight 
riſe towards G in a Direction perpendicular 
to CB, for we muſt always ſuppol- the String 
WB parallel to the Plane (as it would have 
heen, if the Weight had been drawn up by 
it;) then will the Action of the Plane upon 
the Weight be ſimilar to that of the Wedge 
in. the firſt Caſe and conſequently the Power 
will bear ſuch Proportion to the Weight, as 
DB to BC; that is, as the Height of the Plane 
to its Length. Again, ſuppoſe the Weight 
was to have been drawn up the Plane by a 
String in the Direction WF parallel to CD 
the Baſe of the inclined Plane; then if the 
Plane be driven under the Weight as before, 
it muſt riſe in a Direction perpendicular to 
CD, that is, parallel to DB: then the Caſe will 
be analagous to the ſecond of the Wedge ; 
conſequently, the Power will be to the Re- 
ſiſtance of the Weight, when there is an A- 
quilibrium, in the Proportion of DB to DC, 
as there demonſtrated. 

XXI Tusk are the Powers or Machines, 
which, under different Forms, conſtitute all 
other how complicated ſoever; and as the 
Aquilibrium, in any one of theſe is, when the 
Power and Weight are inverſely as their Ve- 
locities; ſo in a Machine however compound- 


ed, the Power and the Weight will exactly 
K balance 


* 
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balance each other, when they are in this 


Proportion ; for by (. 7. their Moments will 


then be equal, and the Machine, if at. reſt, 
will continue in that State; and, if put into 
Motion by an external Force will gradually 
loſe it, when that Force ceaſes to act; on ac- 
count of the unavoidable Friction of the Ma- 
chine, and the Reſiſtance of the Air, which 
it muſt neceſſarily meet with, unleſs its Mos 
tion could be performed in a perſect Vacuum. 
From hence we ſee the Impoſſibility of con- 
triving an Engine, whoſe Motion ſhould be 
perpetual, that is, ſuch as does not owe its 
Continuance to the Application of ſome ex- 
ternal Force; a Problem that has given Birth 
to an almoſt infinite Number of Schemes and 
Contrivances. For unleſs ſome Method could 
be found out of gaining a Force, by the art- 
ful Diſpoſition and Combination of the Me- 
chanical Powers, equivalent to that which is 
continually deſtroyed by Friction, and the Re- 
ſiſtance of the Air, the Motion, which was at 
firſt given to the Machine, muſt at length be 
neceſſarily loſt. But we ſee, that thoſe In- 
ſtruments are only different Means, whereby 
one Body communicates its Motion to another, 
and not Aeligned to produce a Force which 
had no Exiſtence before. Tis for want of a 
due Conſideration of this, that ſo many Mes 
chanical Deſigns have proved abortive, ſo many 
Engines unequal to the Performance for wag 
; they 
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they were deſigned, and ſo many Impoſſibi- 
lities attempted. 


«Tx it were poſſible, ſays Bp. WIIEI Ns, 


& 


to contrive ſuch an Invention, whereby 


& any conceivable Weight may be moved by 
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any conceivable Power, both with equal 
Velocity (as it is in thoſe Things which are 
immediately ſtirred by the Hand, without 
the Help of any other Inſtrument) the 
Works of Nature would be then too much 
ſubjected to the Power of Art; and Men 
might be thereby encouraged (with the 
Builders of Habel, or the Rebel Giants) to 
ſuch bold Deſigns, as would not become 
a created Being. And therefore the Wiſdom 
of Providence has ſo confined theſe Human 
Arts, that what an Invention hath, in the 
Strength of its Motion, isabated in the Su- 
neſs of it ; and what it has, in the extraordi- 
nary Quichneſs of its Motion, muſt be al- 
lowed for in the great Strength requiſite in 


the Power which is to move it *. 


* Vitkins's Mathem. Magick. p. 104. 
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APPENDIX to Part I. 
CG | 
Of the Vibration of a Pendulum in a 

Cycloid. 


1 


P ROT OSLIT ION I. 


F a Pendulum be made to vibrate in a 

Cycloid, all its Vibrations however une - 
qual, will be iſocronous; that is, they will be 
performed in equal Times (a), 


(a) In order to demonſtrate this Propoſition, it will be pro- 
per to lay down the following Lemma's. 
LEMM AI. 

If a Body deſcends from A along the Line AX, 2 
Plate, Fig. 1.) by virtue of a Force which decreaſes in Proportion 
as the Difance of the Body from X, decreaſes ; that is, if when 
the Body comes to M, N, O, Cc. the Action of that Force 
upon the Body, be as the Diſtances XM, XN, XO, c. reſ- 

ively: And if the laſt acquired Velocity of the Body ; that 
is, its Velocity when i tcomes to X, be expreſſed, or ſet off, by 
the Perpendicular XB equal in Length to the Line AX, and its 
Velocities at M, N, O, c. be ſet off there by the Lines MD, 
NP, * IF in Length proportionable to each other and to 
the Line XB, as the Velocities of the falling Body at M, N, O, 
Oc. are to each other and to its laſt Velocity at X: And if 
through the Extremities -of theſe Lines, the Curve ADB be 
drawn; I ſay, that Curve will be a Portion of a Circle: And 
the Time in which the Bedy will deſcend through the whole 
Space or Line AX [or any Part of it, as MO] will be ſuch Time, 
as would be requiſite for —_ deſcribe the whole Arch AB ſor 


_ 
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- 


any Part as ms >. to MO] in, with its laſt acqui- 

Velocity at X. - 
Demonſiration of the Lemma. Parallel and contignous to 

Line MD, draw NP, in which Caſe the Line MN, noch gg 
Point, and the Arch DP a Tangent to the Curve : Produce PD 
till it meets XA produced, in I; draw the Line XD; and let 
fall the Perpendicular DL. Then the Lines DL and TM being 
parallel, the Angles PDL and DTM are equal, as being alter- 
nate (by 27 Elem. 1.); and the Angles at L and M. as being 
right ones; the Triangles therefore PDL and DTM are ſimilar, 
which for the Sake of referring to it afterwards, let us make the 
firſt Step of the following Proceſs | 1] The Triangles PDL and 


DTM are fimilar 
From the firſt Step we have this | | 
Proportion (5 Elem. 6.) 2 PL: LD; : DM: MT. 
By the Figure 3 LD MN 


But MD being the Velocity when 

the deſcending Body comes to 

M, the Point MN is deſcribed 

x with that Velocity ; for there 
| is no Acceleration during the 


4 Paſſage of a Body over a Point; 
| conſequently MN is proportion- . 
able to MD : that is, MN is as MD, 
Comparing the ſecond, third and | | | 
Rn 5{PL: MD: : DM: MT 
But MD and NP being the Velo- 1 


cities of the deſcending Body at 
M and N, LP the Difterence of 
thoſe Lines, expreſſing the In- 
creaſe of Velocity in the Body, | |, 
will be proportionable to the 
moving Force at the Point MN; 
that is, by the Suppoſition, to | 

the Diſtance XM; therefore 6 PL is as XM _ 

Comparing the fifth and ſixth XM: MD: : DM: MT 

Conſequently (5. Elem. 6.) | 8] The Triangles XMD and 

WY DMT are fimilar. 


And therefore, fince their Angles at M are right ones, the 
Triangle TDX is (by the Converſe of Prop. 8. Elem. 6.) right 
angled at D. Conſequently fince the fame is true of any other 
Point of the Curve, as well as D, the Arch ADB is a Portion 


of a Circle (16 Elem, 3.). Which is the firſt Part. 


Secondly, comparing the firſt and 
eighthSteps, the riangles PDL hs "4 | 
and XMD are ſimilar ; therefore LD: DM:: DP: DX 

ADB bei cing a Portion of a Cuche, 


as alr ey prove 9 and 1 ff DX=XB a 
9 1 
goed. lam: DM:: DP: XB. 


Sine then the Foin MN bears the ſame Proportion to MD, 


or the — 4: thy is deſcribed with by the falling Body, that 
the Point DP to the laſt acquired Velocity XB, it follows 
that the former, MN, is deſcribed in the ſame Time with the 
Velocity the Body has when there, that the latter, DP, might 
be with the laſt acquired Velocity XB. And fince the fame is 
true of every other Part of the Arch ADB, it is obvious that 
the Time in which the Body will deſcend through: any other 
Part of the Space AX, [or the whole of it,] will be ſuch as 
would be required for it to deſcribe any correſponding Part of 
the Arch ADB, for the whole of it, ] with the laſt acquired 
Velocity XB. Which was the other Part. 


Ceroll. Hence it follows, thar' if a Body deſcends along tha 
Line AX, by Virtus of Forces acting upon it at A, M, N, O, 


Se. proportionably to the Length of the Lines XA, XM, XN, 
XO, 2 and if on X as a Center, and with the Radius XA a 
Portion of a'Circle, as ADB, be deſcribed ; and if the Radius 


or whole Sine XB, be put to repreſent the Velocity of the Body 


when it comes to X, the other Sines MD, NP, OQ, Ec. wi 


repreſent the reſpectiye Velocities of the Body at the fave 
Points M, N, O, Scr. And converſely, if * of the Sines, 


as MD, de put to expreſs its Velocity at M, the other Sines 
NP, OQ, and the Radius or whole Sine XB, will ex the 
Velocity * the Body at thoſe other Points N, O and 


LEMMA IT. 


If » Body moves along the Line AX, (Fig. 2.) and be urged 
all the Way by Forces pro jonable to its Diſtance from the 
Point X; whatever Point of that Line it ſets out from, it will 
come to the Point X in the ſame Time. Which Time will bear 


ſuch Proportion to the Time it would move over the whole Line 


AX in, with the Velocity it ſhall acquire — falling through the 


whole Line AX, as the Semicircumference of a Circle does to its 


Diameter. 4 
A 2 Dem, 
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| 
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Dem. Let two Bodies A and P ſet out from the Points A and P 
at the ſame Time; and let them be urged by Forces rtion- 
able to their Diſtances from the Point X: I fay, thoſe Bodies 
will come to X at the ſame Inſtance of Time; that is, they will 
overtake one another at that Point. On X as a Center, and 
with the Radius's XA and XP deſcribe the two Quadrants AB 
and PQ; and draw the Line SX, and the Sines RS and MN; 
and let the whole Sine or Radius XB expreſs the Velocity the 
Body A will acquire by falling to X: Then by Corollary of 
Lemma 1. ln to A, 
_— the firſt Velocity of the Body A. But the Force, which 

urges the Body A is ſuppoſed to be to that which urges the Body 
P, as XA to XP (or becauſe the Archs AS and P are fimilar) 
| as RS to MN: As therefore RS expreſſes the firſt Velocity of A, 
MN will expreſs the firſt Velocity of the other Body P: And 
therefore by the ſame its Velocity when it comes to X, 
will be expreſſible by XQ. Farther, the Time the Body A falls 
to X in, is by Lemma 1. cal to-the-Time the Arch AB woakd 
be deſcribed in with the Velocity XB; and the Time the other 
Body falls from F to X in, is equal to the Time the Arch PQ 
would be deſcribed in, with the Velocity XQ, But a Body will 
be as e Ken 1 the Arch PQ with the Velocity 
as over the Arch AB with the Velocity XB, the Lines XQ. 
XB having the ſame Proportion to each other, that the Archs 
have. Therefore the Time the Body A falls to X in, is equal 
to the Time the other Body P would fall to that Place in. 
Which was the firſt Part, 

Again by Lemma 1. | 1] The Time a Body would fall from 

" | A to in, is equal to the Time 
it would move over the Arch AB 
nan, with its laſt acquired Velo- 
Axiom, or ſelf evident city at X. 

Propoſition 2 The Time 3 Body would move 

over the Arch AB in with the 
" laſt acquired Velocity at X, is 
to the Time it would move over 
N AX in with the ſame Velocty, | 
as A; is to AX. | 

'The Time a Body would fall from 
IA to X in, is to the Time it 

would move over AX in with 

the laſt acquired Velocity, "as 


| 1 AB is to AX. 
Axiom 


ing the fir and 
rn 
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Axiom renne 
1H 4 twice AX. 

By the Figure | 5 | Twice AB is to twice AX as the 

. e 

Comparing 3 | to its Diameter. . 

and fifth Steps. 6] The Time a Body would fall from 


A to X in, is to the Time it 
I would move over AX in with 
its laſt acquired Velocity, as the 
| Semicircumference of a Circle 
[ | is to its Diameter, nn 0s. 


enn 


LEMMA III. 


If from the lowermoſt Point of a Circle, 2 X (Fig 3.) be 
drawn the Chords XQ and XO, the Power of Gravity whereby 
it ſhall cauſe a Body to.deſcend along the former, will be to the 
Power whereby it ſhall cauſe it to deſcend alon — — as 
the Length of the former is to the Length of the latter 

Dem. Draw the Diameter XD, the QR and: 
OS; and join the Points QD and OD. Then (by. 31 Elem. 74 
rr POO . 
And for like Reaſons | 2| XS : X05 100 * 

But by Part I. Chap 6. 5 2. The Ed or Power of Gravity 


NN the Chord OX, i is to that . 


5 | it exerts upon another falling 
n l | Es 
er, XR R N 
And alſo I 4| The Power of Gravity 


1 | Ox decndng org the Cond 


AA ND an XS to XO. 
Comparing the iſt and 3d e 
. * 4 
| Qs in os ahol Power, 
: 13 7 
Comparing the ad and 4th | 6| The Power of Gravity 
r biowy? 41. w Wald 3 
þ 


" 


Us „ 


1 e. [ OX is t0 its whole Nm 
wb 2 XO to XD. FF 
2 Comparing 


dy e _ Chord 

. is to the Power of Gravi- 

115 pon a Body defcending along 
ITY OX, as XQ to XQ, 


x 

The Deſcription of a Cycloid, Sack * Definitions relating 
thereto. If a Circle as FCH (Fig. 4.) be rolled along the Line 
AB, till it has turned once round; the Point C in its Circumfe- 
rence, which at firſt touched the Line at A, will deſcribe the 
Curve Line ACXB, which Curve is called a Cycloid. The right 
Line AB is its Ba/e : The middle Point X is its Vertex: And a 
Perpendicular, as XD, let fall from "thence to the Baſe, is its 
Axis: And the Circle FCH, or any _ as XGD, equal there- 
us is called the aun, Circle. | 


LEMMA Iv. 


1 1 | | 
If on XD, the Axis of the Cycloid, as a Bad the — 
Circle XG D be deſcribed ; and if from a Point in the 
Qycloid, as C, the Line CIK be drawn Parallel to the Baſe,” 
the Portion of it CG, will be equal to the Arch GX. | 
Dem. Draw the Damon HF, then the Circles FCH and 


DG being equal! 1,KG CI th 

Adding G to each of hem AKI SC 17428 

By the Figure JKI DF n 

Comparing the two laſt . 44 CG = DF 

By the-Deſcription of the Cycloid 5 The Arch CF = AF 
By the Figure | 1 6 The Arch CF = DG 

Comparing the 5th. and 6th 7] AF = DG 

By the Deſcription of the Cycloid gf AFD DX 

Comparing the 7th and 8th wih | 8 

the Figure 488 84 
Comparing the 4th and the gth i 


CG = GX. A 
A e noqt 39 a ' 


head ach LEMMA v. 


The fe Things being ſuppoſed as in the fo aaf Lemma, 
a T ent to. the Cyclcid at the Point C, is paralle to GX a 
d of the Circle DG. 2 
Dem. It from the Deſcription of the Cycloid, that 
Since the An e FCH is a right one, (as it is by 31 Elem. 3.) 
the Chord R 
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CH is parallel to GX ; a Tangent therefore at the Point C, is 
parallel to GX, the Chord of the Circle DGX.. Q. E. D. 


LEMMA VI. 


Things remaining as before, if from a Point of the Cycloid, 
as L, the Line LMK be drawn parallel to the Baſe AB, the 
Arch XL of the Cycloid, will be double of XM the Chord of 
the Circle correſponding thereto. : : Lt 

Dem. Draw the Line SQ parallel and contiguous to LK, croſ- 
ſing the Circlein R, and the Chord XM produced, in P, then 
will LS, MR and MP become Points, the firſt having the Pro- 

rty of a Tangent to the Cycloid at LS, the ſecond that of a 
Tangent to the Circle at MR, and the third, the Properties of a 
Production of the Chord XM. Join the Points X and R, and 
on MP let fall the Perpendicular RO: Produce alſo the Point 
RM; till it meets XN, a Tangent to the Circle at X. Then 
will the Lines XN and QS, being each dicular to the Dia- 
meter DX, be parallel; and the Triangles MNX and MPR will 
be ſimilar ; as having their Angles at M vertical, and at P and 
X alternate. But the Tangents NX and NM are equal (by 36. 
Elem. 3.) the correſponding Lines therefore PR and RM in the 
other Triangle, are ſo too: This laſt Triangle is therefore an 
Iſoſceles one; and therefore RO being e to its Baſe 
MP, MP is equal to twice MO. The Tangent LS is parallel 
to MP, (as being by Lemma 5. parallel to MX) and therefore 
equal to it, the Lines LK and SQ being parallel: It is therefore 
equal alſo to twice MO. But LS is the Difference between the 

cloidal Archs XL and XS; and MO is the Difference between 

Chords XM and XR, for fince XO and XR are cloſe toge- 
ther, RO which is dicular to one of them, may be con- 
fidered as dicular to both: The Difference therefure between 
any two Archs of the Cycloid is twice that which is between 
two correſponding Chords of the Circle ;. and . any 
1 - 1s double of the correſponding C XM. 
Caroll. Since when the Arch XL becomes X, the correſ- 
ponding Chord XM becomes XD the Diameter of the Circle 
MX ; its obvious, that the Semicycloid BX, or AX, is equal 

to twice DX the Diameter of the generating Circle DMX. 


LEMM A VII. | | 


If a Body deſcends in a Cycloid, the Force of Gravity (fo 
as it acts upon it in cauſing it to deſcend along the Cycloid) i | 
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PROPHOSITION II. 


The Time in which a Pendulum vibrating 
in a Cycloid, performs a Vibration, is to the 


be proportionable to the Diſtance of the Body from the loweſt 
Point of the Cycloid. 

Dem. Let the Cycloid be AXB (Fig. 5.) whoſe Baſe is AB, 
and its Axis DX, on which laſt as a Diameter, deſcribe the ge- 
nerating Circle DQX : Draw the Chords OX and QM; through 
the Points O and Q, and parallel to the Axis AB, draw the 
Lines LS and MR ; draw alſo the Tangents LV and MY. Then 
becauſe by Lemma'5. the Tangent LV is parallel to OX, and 
the Tangent MY parallel to QX, its obvious that Gravity exerts 
the ſame Power or Force upon a Body deſcending in the Cycloid 
at L (becauſe it then deſcends in the Tangent LV) as it would 
do _ the ſame Body deſcending along the Chord OX : And 
for the like Reaſon, it exerts the ſame Force upon it when it 
comes 'to M, that it would do if it were deſcending along QX: 
But (by Lemma 3.) the Power or Force of Gravity upon Bodies 
deſcending along the Chords OX and QX, are as the Langthe of 
thoſe Chords; that is, by Lemma 6. (halves being proportion» 
able to their wholes) as the Length of the Cycloidal Archs LX 
and MX. The Force therefore of Gravity upon a Body deſ- 
cending in the Cycloid at the Point L [or any other] is to its 
Force upon the ſame when at M [or any other Point] as the Space 
or Diſtance it has to move over in the former Caſe, before it gets 
to the loweſt Point X, to that it has to run over in the latter, 
before it arrives at the ſame Point. Q. E. D. | 


Demonſtration of the Propoſition in the Text to which this 


ote refers. 


By Lemma 7. The Force of Gravity ſo far as it cauſes a Body 
to deſcend in a Cycloid is proportionable to the Diſtance of that 
Body from the loweſt Point; imagine then that Body to be a 
Pendulum vibrating in the Cycloid, then whatever Point it ſets 
out from, it will by Lemma 2. come to the loweſt Point in the 
ſame Time: And conſequently fince the like is true as to its aſ- 
cending from that Point, all' its Vibfations be they large or 
ſmall, will be perform'd in the ſame Time. Q. E. D. T; 

1me 
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Time in which a Body would fall freely thro” 
half the Length of the Pendulum, as the Cir- 


cumference of a Circle is to its Diameter (6). 
1 PROB. 


) To demonſtrate this, the following Lemma's will be of 
Uſe. ' 11 5 | g 8 | 1 
| LEMMA VIII. | 

Tf in a rjght-angled Triangle, as BFG (Fig. 6.) the Perpen- 
dicular FI be let fall from the right Angle to the Hypothenuſe 
BG, the Line BI multiplied by BG will be equal to BF,. 

Dem. By 8. Elem. 3. the Triangle BFI and BFG are ſimilar, 
conſequently BI is to BF, as BF is to BG, and therefore BI x. 


BFI. Q. E. D. 

* EE MMA 1. © 
If a Body defcends along a curve Line, as AX (Fig. 7) it 
will acquire the ſame Velocity that another; or the ſame Body, 
would 85 by falling from an equal perpendicular Height in the 
Lii a 8 : 
Dem Parallel to the horizontal Line AD, draw the Lines BM 
and FN contiguous to each other; in conſequence of which, 
the Lines MN and BG are capable of being conſidered as Points; 
and therefore the Velocity the deſcending Bodies paſs over them 
with, as uniform; and the curve Line BG, as a ſtraight Line 
alſo, and as a Tangent to the Curve AX at, the Point BG. 
Things being thus, let it be ſuppoſed that the Bodies begin their 
Fall at B and M, or, which comes to the ſame Thing, that they 
have equal Velocities at thoſe Points: Then the Velocities of 
the Bodies being uniform and equal to each other, (for there is 
no Acceleration in a Point) the Lines BG and MN may repre- 
ſent the Relatian the Times they are paſſed over in bear to each 
other. Parallel to DX draw BF, and let the equal Lines BF 
and MN repreſent the Force of Gravity acting perpendicularly 
at thoſe Points; and let the Force BF be reſolved into two others, 
viz. BI and IE, the one parallel, the other perpendicular to the 
Curve of the Body at B: It is only the former of theſe, vi. 
BI, that accelerates the Body along the Curve BG ; the other, 
viz. IF, neither accelerates it nor retards it, but is wholly ſpent 
in preſſing the Body cloſe to the Surface BG; if it be a Surface; 
or in ſtretching the String which keeps the Body in the Courſe 
ABR, if it be a String. Now the Velotity a Body acquires by 
moving over any Space, is 0 io the Force that acts 
| Nen 


* 
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upon it, multiplied by the Time that Force acts. Since then 
BI repreſents the Force in one Caſe, aad MN the Time in the 
other, it follows that the Velocity generated in one Caſe, is as 
BI X BG; and in the other, as X MN ; or ſince BF and 
MN are equal, as the Quantities BI x BG and BF X BF, (or 
BFA) which Quantities” by Lemma 8, are equal to each other. 
The Velocity therefore the one Body acquires by deſcending alon 
BG, is equal to that which the other acquires by falling . 
MN: But the Lines BM and GN being parallel, it is obvious 
there is the ſame Number of BG's in the Curve AX, as of MN's 
in the perpendicular DX; the Velocity therefore which a Body 
would acquire by falling through one, is equal to that which it 
would acquire in falling through the other. Q. E. D. 
Demonſtration of the Propofition. Let AXB (Fig. 5.) be the 
Cycloid the Pendulum vibrates in. Then by Lemma 2. com- 
pared with Lemma 7, we have | | 


1] The Time'a Body would deſcend 

| from A to X in, is to the Time 
| it would move over the ſame Space 
in with its laſt acquired Velocity, 


e 2th, 4 as the Semicircumference of a Cir- 
By the Corol. of Lem- cle is to its Diameter. 


ma 6. | 2] AX is equal to twice DX. 
By Lemma 9 3 The Velocity a Body acquires by fal- 


ling from A to X, is equal to the 
| Velocity it would acquire by fal- 
From the three laſt ling from D to X. | 
compared 4| The Time a Body would deſcend 
* | | fromAtoXin, is to the Time it 
| | would move over twice DX in, 
$ with the Velocity acquired by a 
| | Fall from D to X, as the Semi- 
| circumference of a Circle is to its 
Diameter. | 
The Time a Body would move over 
] | ryice DX in, with the Veloci 
acquired by falling from D to X, 
9 is equal to the Time it would fall 
Comparing the 4th and from D to X in. | 
5th 16 The Time a Body would deſcend 
| | from AtoX in, is to the Time it 
| | would fall from D to X in, as the 
| j Semicircumference of a Circle is 
| | to its Diameter. a 


<P 
L 
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PROBLEM. 


To 25 2 Pendulum vibrate in a given 
* Cycloid. 


Solut. Let AXB (Fig. 5.) be the given Cy- 
cloid ; its Baſe AB, its Axis DX, and its ge- 
nerating Circle DQX, as before: Produce XD 
to C, till DC be equal to DX: Through C 
draw the Line EF parallel to AB, and ke 
CE and CF, each equal to AD or DB; and 
on the Line CE as a Baſe and with the gene- 
rating Circle AGE equal to DQX, deſcribe the 
Semicycloid CTA, Whole Vertex will there- 
fore touch the Baſe of the given Cycloid in A. 


Prom the Figure 7 g: ee 
' is half a Vibration. 

From the Solution of | 
the following Pro-| {| | 
blem it will appear, 
that | g| DX i half the Length of a Pere 

| + lum, which in rac ſhall de- 

Comparing the three | ſcribe the Cycloi AXE 
laſt Steps 9 The Time of 77 Aa 7 EY 25 

the Time in which a Body W 

I fall freely through half the Length 

| | of the Pendulum, as the 
; 1 Jalk :| | cumference of a Circle is to its 

Doubling the ' Antece- | | Diameter. 

dents of the laſt Step 100 The Time of an whole Vibration is 

| to the Time in which a Body 

I would fall fre freely through half the | 

Length of the Pendulum, as the 

ee of a . is to its 


| | Diameter 


B 2 


12 APpPENPDIxX to Part I, 
2 on the Line CF alſo as a Baſe, deſcribe 
n equal Semicycloid CB. On the Point C, 
3 the Pendulum CTP equal in Length to 
the Line CX: And let the upper Part of the 
String of it, (as CT, in its preſent Situation in 
the Figure) as it vibrates this way and that, 
apply itſelf to the cycloidal Cheeks CA and CB: 
Then will the Ball of it P oſcillate in the gi- 


yen Cycloid AXB. 'Q. E. BE. £6)..3 =; 
| CH AP. 


be) Draw TG. ITT tend parallel r 


5 join the Points A and PH. Then by the Corollary of Le 
E. a 6. by AC=2 AE T 


By the Figore (DC being equal | - 


- 1. $0 Dx) | * 2 AE — — cx 
Comparing the rſt and 2d Steps 5] AC = CX 
By Conſtruction | 4 CPS Dex 
. Comparing the 3d and 4th 4 5] AC == CTP 
From the Sth Step compared with FE” 
\ the Fi 6 AT = TP 
Sting coaching the Cycloid| | 
at T) by Lemma 5. 7A is parallel to IK 
By. Conſtruction 8 GT i is parallel to E 5 
From the two laſt Steps compared, 
GATK is a Parallelogram, 
conſequentixx 9 GASTE, and r 
5 Lemma 6. 100 GA =+ TA 


_ Camparing the two laſt Sters [11] IK 7 TA 
Comparing the 6th and 11th 12] TK == 3 TP «) | 
From the 12th Step e 
with the Figure 13] TK = KP 
| Comparing the laſt Step with the | 
1 2 ms 1 140 The parallel Lines GT 
a | 2 | and PH are equally diſ- 
| 2 | | tantfrom ab 


5| The Arch GA = the 
Arch DH 


Compering the aft with the Fi- 
* 116] The Chords GA and DH 
Ne | | are , and GE= 
. From 


2 1 


Rod ſuſpended upon a Point, and each Bur 
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N. N e 


| Of he Center of Ofcillation and Per- 


cuſſion, 


HE Center of Oſcillation is that Point 
in a Pendulum, in which, if the Weight 
of the ſeveral Parts thereof were col 
lected, each Vibration would be performed in 
the ſame Time, as whey OP. Weights are 


ſeparate. 


The Point or Center, of Su [penſion i is the 
Point on which the Pendulum hangs. 


A SOA Rule eule findin "ng / the PE of 
If ſeveral Bodies be — to an inflexible 


» yg 1 
pared with the Fi l Xr is parallel to 
And therefore (KD bn by Con- : ba. 
ſtruction parallel alſo to PH) 
KDH is a Parallelogram, con- 5 
ſequently Del 
By Lemma 4. 19 GT the Arch AG 
Comparing the gth. and 19th 20] AK = the Arch AG 
By the Deſcription of the Semi- | 


cycloid CTA 21] AKCD = AGE 
From the two laſt * with 
the Figure 22 KD = GE 


| Comparing the 18th and 22d 23] PH = GE 


Comparing the 16th and 23d he pay HX. 

But by Lemma 4. if PH be equal to HX, P is a Point in the 
Cycloid AXB ; the Ball of the Pendulum GTP therefore being 
at that Point, is in the given — Ne therefore 
was rightly ſolved. Q. E. D. MM 
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be multiplied by the Square of its Diſtance 
from the Point of Suſpenſion, and then each 
Body be multiplied by its Diſtance from the 
ſame Point; and all the former Products when 
added together, be divided by all the latter 
Products added together, the Quotient which 
Mall ariſe from thence, will be the Diſtance. gf 
the Center of Oſcillation of thoſe Bodies from 
the ſaid Point. 

Thus, if CF Fig. 8. be al od on which 
are 1.4505 the Bodies % B, D, Cc. at the Py 
veral Points A, B, D, Sc. and if the Body A 
be multiplied 'by the Square of the Diſtance 
CA, and 'B be multiplied by the Square of the 
Diſtance CB, and ſo on for the reſt: And then 
if the Body A be multiplied by the Diſtance 
CA, and B be multiplied by the Diſtance CB, 
and ſo on for the reſt; and if the Sum of the 
Products ariſing in the former Caſe, be divided 
by the Sum of thoſe which ariſe in the latter, 
the Quotient wilt give CQ, the Diftance of the 
Center of Oſcillation, of the —_ A, _ D, 
. — . Point C (4). a 


uf. — That Pe * leſs 3 let us 
ſuppoſe but two Bodies, as A and F, fixed to the Rod CF ; and 
let AI and FL be the Archs which the Bodies A and F deſeribe 
when the Pendulum vibrates, and let the Pendulum be removed 
into the Situation CL. Contiguous to the Line CL draw CR; 
then may the Arehs IP and LR be conſidered as Tangents at 
the Points I and L, and thoſe Tangents 2 as inclined Planes, down 
- which the Bodies I and L. are to roll : Theſe Tangents being 
each per pendicular to CL, are equally inclined to the Horizon, 
the Bodies therefore will endeayour to roll down with equal Ve- 


locities ; but this they cannot do, becauſe being fixed to the in- 
flexible 
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exible Rod, they will deſcribe the unequal Arch IP and LR in 
2 ſame Time. her is, the Body L will oblige the Body 
to deſcribe a leſs Arch than it otherwiſe would have done ; and 
the Body I will occaſion the Body L to deſcribe a larger Arch 
than it would have done. And, the Effects of the Forces by 
which they act thus upon each other, like thoſe of Action and 
Reaction, will be equal. It remains to determine theſe Effects. 
In order to which, parallel to LI draw MN, and let the 
equal Spaces LM and IN be thoſe the Bodies would move ovet 
in the leaſt Time poſſible, had they been independent of each 
other. And let the Archs LR and IP be thoſe which the Bodies 
join'd to the Rod deſcribe in the ſame Time. For the Reaſon 
juſt mention'd, the former of theſe vix. LR, will be larger, 
and the latter, vis. IP, will be leſs than LM or IN; and the 
Arch which the Center of Oſcillation deſcribes will be equal to 
LM or IN, becauſe the Center of Ofcillation deſcribes that 
Arch, which the Bodies would deſcribe in the ſame Time, if 
they were both together, and neither of them an hindrance or 
furtherance to the other. Conſequently the Center of Oſcilla - 
tion is at V, where the Lines MN and PR croſs. | 
Now the Motion which the Body I loſes by being retarded, 
is its Motion over the Arch PN; and the Motion the other Body 
gains by being accelerated, is its Motion over MR: The Force 
or Moment of the firſt of theſe Motions, is the Product of the 
Body I multiplied by the Space PN; and the Force or Moment 
of the laſt is the Product of the Body L multiplied by the Space, 
MR. Theſe are the Forces, Moments or Actions, which retard 
the one Body, and promote the Motion of the other. But ob- 
ſerve, that theſe Forces or Moments, in as much as they act at 
different Diſtances from the Center C, about which the Bodies: 
J and L. when the Pendulum {wings, do reyolve ; have each 
their Mechanical Advantage; but the one a greater than the 
other: For inſtance, L has an Advantage which is as LC, its 
Diſtance from the Fulchrum C; and I only the Advantage IC. 
As then in determining the Effect of a Power applied to a Lever, 
we multiply it by its Diſtance from the Fulchrum ; ſor the above- 
mentioned Forces or Moments (vix, I multiplied by PN and L 
multiplied by MR) muſt be multiplied by heir reipective Diſ- 
tances from C; and then we have I multiplied by PN multiplied 
by IC, and L multiplied by MR multiplied by LC for the Ef- 
fefts, which, as things are citcumſtantiated, thoſe Forces or Mo- 
ments have upon the Bodies I and L. But, as obſerved above, 
thoſe Effects are equal, conſequently we have for the firſt Step 


1i| IxPN 


from the other 
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The Center of Percuſſion is that Point in a 
Pendulum, or in an inflexible Rod moving 


IIIXNXIC SLX MRX Le 


But the Triangles PN 
and M RV are fimilar, | } | 
_ conſequently PN: MR:: PY: RY 
Comparing the two laſt 3 I xPY X IC=LXx RY XLC 
Or taking the Pendulom 
in the Situation CPR, 
in which I. coincides 
with P, and L with R, 


Nv 


we have 4|[PXPYX PC=RXKRY X RC 
Or, which is the ſame] | | N 
thing [Ax AQx ACS F x FQ xFC: 


That is, in Words, if one of the Bodies were multiplied 

its Diſtance from the Center of Oſcillation, and the Product ari- 
ſing from thence were multiplied by the Diſtance of the ſame 
Body from the Center of Suſpenſion, this laſt Product would be 
equal to the Product of the other Body multiplied by its Diſtance 
from the Center of Oſcillation, multiplied by its Diſtance from 
the Center of Suſpenſion. And, fince the Emme would be true 
if there were more Bodies, if each Body be multiplied by its 
Diſtance from the Center of Oſcillation, and that Product by the 
Diſtance of the ſame Body from the Center of Suſpenſion, all 
the Products relating to the Bodies on one Side the Center of 
Oſcillation taken together, will be equal to all thoſe which re- 
late the Bodies on the other Side thereof taken together. Let 
then the Diſtances of any Number of Bodies, as A, B, D, F, 
from the Center of Suſpenſion be called a, ö, d, f, reſpectively, 
and the Diſtance of the Center of Oſcillation Q from the Center 
of Suſpenſion C, be called x: And ſuppoſe the Diſtances of the 
Bodies A, B, D, leſs than the Diſtance CQ. or x; and that of 
the Body F greater, as in the Figure: Then will the Diſtances 
of A, B and D from the Center of Oſcillation be expreſſible oy 
x—8, x—b, and x—4; and the Diſtance of F, by f—x ; mul- 
tiplying then each Body by its Diſtance from one Center, and 
the Product ariſing therefrom by the Diſtance of the ſame Body 

— we ſhall have Aax — Aaa ＋ Bbx — 
Bbb + Dar — Ddd— E — Ex, which reduced gives x = 


Ana + Bbb + Dad + FF . a 
Aa -þ Bb + Dd + 7 Which latter Equation is the Senſe 
of the Rule above laid down. 


round 


1 
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round a Point, with which, if the Pendulum 
or Rod ſtrikes againſt an Obſtacle, no Jar or 
Shock at the Point of Suſpenſion ſhall be oc- 
caſioned thereby. . 
Thus, let CF (Fig. 8.) be an inflexible Rod, 
having the Bodies A, B, D, Sc. fixed in it 
at the Points A, B, D, gc. and let O be an 
Obſtacle againſt which, as it vibrates or ſwings 
round the Point of Suſpenſion C, it may 
ſtrike againſt : then, if there be no Jar or 
Shock occaſioned thereby at the Point C, the 
Point that ſtrikes againſt O, (as the Point Q 
ſuppoſe) is called the Center of Percuſſion. 


PROP OSIT IO x. 


The Center of Percuſſion is the ſame with 


| 
: the Center of Oſcillation ; and conſequently 
c may be determined by the ſame Rule (e). 
N | PRO. 
A (e) Dem. From the Definition of the Center of Percuſſion 
F, above laid down, it appears, that the Forces, with which the 
* Bodies A, B and D, which would paſs above O, move; muſt 
er be a Counterbalance to the Force of the Body F, which would 
he paſs below it: and that the Force of F muſt be a Counterbalance 
of to them. But the Forces wherewith thoſe Bodies move, are as 
ces their Maſſes multiplied by their Diſtances from C, their Velo- 
cities being as theſe Diſtances. Farther, when the Point Q. 
7 comes to O, and is ſtopt there, the Bodies A, B and D, en- 
ind 2 to go on, ſway or bear againſt F, and F againſt 
dy them; juſt as if they were fixed to a Lever, as AF, having its 
us Fulchrum at Q. Conſequently the Forces of the former Bodies, 
— ſo far as they act againſt the latter, are as their Diſtances from 


the Point Q; and the Force of the latter, ſo „ 
| C 8 
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PR OB L E M. 


Let it be required to find the Center of 
Oſcillation, or Percuſſion of an inflexible Rod 
AB (Fig. 9. as a Bar of Iron, or the like) 
every where of equal Size, and vibrating in, 
or revolving round the Point A, as a Center of 


Suſpenſion. () 


the former, is as its Diſtance alſo from Q: the abovementioned 
Forces muſt thereſore be multiplied by the Diſtances of the 
- Bodies from Q: but the former of them, as obſerved above, 
balances the latter; and the latter them. So many therefore of 
the laſt Products as relate to the Bodies above Q taken together, 
muſt be equal to that which relates to the Body (or Bodies) below 
it. But the like Produfts were equal to each other, when the 
Point Q was looked upon as the Center of Oſcillation (as in the 
5th Step of the foregoing Proceſs) conſequently the Center of 
ercuſſion is the ſame with that of Oſcillation. Q. E. D. 

(f) Setut. Imagine the Rod to be divided into the leaſt poſſi- 
ble Parts B, C, D, &c. each of which call One. Theſe Parts 
we may confider as ſo many Bodies contiguous to one another ; 
ſo that the Center of Oſcillation or Percuſſion of theſe Bodies 
will be the Center of Oſcillation or Percuſſion of the whole Roe. 
To find this, we are by the Rule above laid down in the Text, 
to multiply each of theſe Bodies by the Square of its Diſtance 
from A. The firſt of theſe Products then will be B (or One) 
multiplied by AB ſquared ; but one multiplied by AB ſquared, 
is the ſame with AB ſquared ; now AB ſquared is a ſquare Area 
or Surface, one of whoſe Sides is AB. In like manner the 
Body C, when multiplied by the Square of its Diſtance from A, 
is a Square Area, one of whoſe Sides is AC, ſomewhat leſs than 
the former. Imagine this Area laid upon the former ; and the 
next, which will be leſs ſtill, laid upon that z and ſo on till 
vou come to the leaſt of all. Theſe will make a Pyramid, whoſe 
Baſe is the firſt Area, and its perpendicular Height will be 
equal to the Thickneſs of them all together; which Thickneſs 
wall be as the Length of the Line BA. The Value or ſolid _ | 

| | 


W 


- 
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tent of this Pyramid will be ABg (viz. its Baſe) multiplied by 
a third Part of AB (its perpendicular Height). In the next 
Place we are to multiply each of thoſe Bodies by its Diſtance 
from A: Now the Body B (or One) multiplied by AB, give a 
Line, as AB; ſo the Product of C, multiplied by its Diſtance 
AC, give a Line, as AC; theſe Lines heaped one upon ano- 
ther (as the Areas were before) will make a Triangle, whoſe 
Baſe will be AB, and its icular Height alſo AB ; the 
Value, or Area of which, will be AB multiplied by r AB. In 
the laſt Place, by the Rule, we are to divide the Sum of the 
Products in the firſt Caſe, by the Sum of the Products in the 
latter ; that is, the Content of the Pyramid by the Area of the 


Triangle; that is, AB? x AB, by AB x AB, which gives 
r that is, f AB, or two Thirds of AB; ſo that the 
Diſtance of the Center of Oſcillation or Percuſſion, (as E ſuppoſe) 


from A the Center of Suſpenſion, muſt be equal to two Thirds 
of AB, the whole Length of the Rod. Q. E. I, 
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Bodies upon ofie one anither ray be 


4 The Action of Fluids Part II. 


I proceed now to an Explanation of ſuch, as 
Philoſophers have comprehended under the 
Name of Hydroſtatics; the Intention of Which 
is to explain the Nature of Fluids, and the 
Manner wherein they act upon one another, 
and upon Solids, 180 
II. The Nature of a Huid“, as diſtinguiſh- 
ed from that of a Solid, or hard Body, conſiſts 
in this, viz, that its Particles are ſo looſely 
connected together, that they readily move 
out of their Places, when preſſed with the 
leaſt Force one Way more than another +, 
From whence Thilofepbers — that 
Ar | FP 


A ** 222 22 ** * 2 


Rays of Light, as will be ſeen when we come to Optics; and 

in the larger Bodies of the Planetary Syſtem, Mechaniſm equal- 
ly prevails, as has been demonſtrated by Sir J/aac Newton ; 
which we ſhall endeavour to make out when we treat of the 


Far of the Motion of the Heavenly Bodies. 1 


Some Philoſophers wid" hd" following Diſtinction in 
Fluids ; thoſe which flow or ſpread themſelves till their Surfaces 
become level or horizontal, they call Liquid; in Contradiſtinc- 
- tion to Flame, Smoak, Vapour, c. which are alſo Fluids, but 
do, not #cquire ſuch 4 Surface. Thoſe, which are capable of 
exciting in us the Idea of Moiſtneſs, as Water, c. hey 
call Humid, diſtibgniſhing them thereby from Air, Quick er, 
and melted Metals. But thoſe Diſtinctions are quite unn 
in a Philoſophical Senſe ; the Surfaces of all Fluids being level, 
when not prevented by the Bodies about them; and Humidity 
is: only 4 rrlatiu- for tho? Qtickfilver will not moiſten, - 
OE CIT it will to Silver or Gold. 


The common Definition, Fluidum partes impreſſion: 
ear cedlunt, W& cedendo facillime mf ax inter ſe e, though 


= very well the Nature of 4 compre/ible Fad as Air, 
s not e to that of . whoſe Parts have 


been found to to no * h which they have been. 
NA compreſled, 


Chap. 1. among them elves. 5 
they are * minute, ſmooth, and 
round *; it ſt being "otherwiſe impoſſible they 


Fü — 


7139 11 1 0 « o 9% | " rim bau: 22 


- unleſs it was greater on one Side han 0n th ae 
The Definition therefore ſeems imperfect, as not K 
Inequality of Preſſure, which is l to move Parts of 
ſome Fluids one among another. 15 ok 


* Tt is commonly obſerved that the W 'ﬆf the Pant. 
cles conduces very much to Fluidity, not only as it diſpoſes then 
to move one among another with greater Facility, but 
round Bodies touching one another in few Points only, the 
Force with which they mutually attract each other, is the weaker, 
But, upon this n the Particles of a Fluid ought to 
move with leſs Fre one among another, by how much the 

ater the Weight is, with which they are co I (for-it 
is the ſame thing in this reſpect, whether they preſs againſt each 
other by Virtue of their own Attraction, or po ſome external 


— but of this we have no Experience. A „ pens upon 


unging out of his Bell at the Bottom of the” Kg never finds 


ater leſs fluid, en . e gy e 


. Mr, Boyle having "cauſed x Tadpole n 
Veſſel of Water, and to be preſſed with a very great 
us, that in Appearance it found no e from th ur 
but ſwam about with the ſame Freedom and Briſkneſs as ever. 1 
Quere, Whether the Particles of which Fluids confiſt, are in 
Contact with each other, or not ? Perhaps, they are ted 
from a g, nearer than to a certain Diſtance, re- 
2 ng Power, diffuſed around each fingle Particle. The Ob- 
ervation, that Water is not render d leſs fluid by Preſſure, ſeems 
to fayour this Opinion ; and the Property, which 'the Air has of 
expanding or contracting itlelf, ro Log W e 
it ſuſtains (as ſhall be ſhewn, * 3.) proves beyo Contra. 
diction, that its Particles are endu WN Power. But 
then if the Particles of all Fluids 3 this Power,.it will follow 


that they ought to be in ſome Meaſure capable of being reduced. 


into leſs Space by Preſſure, as Air is; wWiüch they have not as 
et been ſhewn to be. Further, ſince it has been proved Part 
. Chap. 4.) that if che Parts of Fluids are placed juſt beyond 
their natural Diſtances, from each other, they will approach and 
run together, and if placed farther aſunder ſtill, will repel each 


other; it follows, upon the Su ſition, that each \ 


. ſhould - 


= 
. 
1 —˙— — Ä . — mou 
— 
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ſhould moye with ſuch Freedom one among 
anoſhes; upon the leaſt Inequality of Preſſure. 
III. Thoſe Particles, conſidered ſeparately, 
are endued with all the common Properties 
af —— W to. the ſame bem of 
| on 


Panic of» Fil NY Graded: with three Spheres of 


ET 2 ot — 1 Ly * 


oaching 151 Go ; the next, a Sphere of Attraftion 
Fu around this of .cpulhon, and ang 1 7 
E Ir -d ng Drop 
ere 4 A fo hereby 
each other ee enero out 0 Attraction. 
Now, if thi 0 he and to be true; and we 
might, 4 greeably to above-mentioned Conſequence of i 


foo, 1 & Particles of all Bodies attract and repel 
er alternately at 55 wag Diftances, ae N ight be 
able to ae a 58 e Pale * 8 t Aube 
Which now lie rc our owever, 
upon the Suppolition 118 three 8 pheres of by, and Re- 
577 juſt 88 1 4 is more eaſy, than to ſee how 
may be converted into Flu ds, and vids into Solids (as 
is "done 1 in Liquefachon and Freezing 3) for allowing, that the 
firſt or innermoſt, Sphere of Repulſfion is capable, Uke that of 
e Particles of Air, of a augmented by Heat, and dimi. 
ſhed or 2 ſuſpended b bz. it Follows hoy. Joon muſt 
be toy {s fwd, in rtion ta the Degree in which 
00 0 by. Heat * old: for when the 1 of — | 
epulon | is diminiſhed or eee oy Col ne 
IT INT Ae ty Flaid muſt neceſlarily be brought. W Fife c 
Contact with each other by the Force of the circumambien 
Atxzaftion, and by that means conſtitute an one Body 2 
before. But, we Bug not dwell too much an Hypathclis 
which wapts Proof; I ſhall only. add, tie o' ſome 7 5 
as Water, have not been as jet contract their Dimenſſons, 
or made to {ake up leſs Space than they 2 do, by any 
Force with which der have been com by 4rt; yet there 
are none but are. naturally contracted by Cold, from whence it 
ſeems rea: ease to infer, that their Particle are at leaſt 


of being brought into cloſer AF aa "I 
tion of this Dotine, 3 en 
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Motion and Gravitation with larger Bodies. 
To enquire therefore into the Nature of Fluids, 
is to conſider, What Appearances a Collection 
of very ſmall round Bodies, ſubject to thoſe 
Laws, will exhibit under different Cirgumn- 
ſtances. In order to which; it is uſual with 
/ Hydroftatical Writers to conſider a Fluid, as 
divided into ſeveral perpendicular Columns 
contiguous to each Sometimes it is 
convenient to conceive it divided ioto thin 
Plates or Strata lying upon one another. In 
ſome Caſes, the fame: Fluid is conſidered, as 
diſtinguiſhed both theſe Ways, uu. into per- 
pendicular Columns, and alſo inte thin Strata 
or Plates, Figure 1. repreſents a Veſſel filled 
with a Fluid to the Height EF, and divided 
into the Columns GH, IK, LM, Sc. and alſo 
into the Strata RS, TY, XX, Sc. A 2020 
IV. From this Obſervation, concerning the 
Properties of the Particles conſidered ſeparate- 
ly, immediately reſults the following Fropo- 
ſition, via. that in a Veſſel, whoſe: Form is 
ſuch as repreſented by ABCD, (Hg. 1.) che 
Quantity of Preſſure, which each Stratum ſuſ- 
tains from the Weight of the incumbent 
Fluid, is in Proportion to the Number of thoſe 


It is an obvious Objection to this, that Water by freezing is 
ented in its Bulk ; hut this may be owing to thoſe Bu 
or c 
were not in it before ; and not to any general and uniform — 
moral of the Particles of the Fluid from cach other, which he 
Objection, if it is of any Force againſt what has been 
muſt ſuppoſe. 2 

ä Strata, 
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Strata, which reſt upon it, that is, as the Height 


of the Surface of the Fluid above it; for if 


we ſuppoſe the Strata of equal Thickneſs, the 
Quantity ſuſtained is  proportionable to the 
Number of Strata of which it conſiſte. 
V. When the Surface of a Fluid is horizon- 
tal or level, each Particle thereof is diſpoſed 
to continue in its Place, being fuſtained _— 
in by the contiguous ones. 
Let the Fluid be ſuppoſed to be divided 
into Strata, each of the Thickneſs of a Parti- 
cle of the Fluid; and if the Truth of this 
Propoſition be denied, let the Particle un be 
one of thoſe which is not ſuſtained in its 
Place by the contiguous ones, but is moving 
from thence towards ſome other Part of the 
Veſſel, v. g. towards D. Now, ſince all the 
other Particles of that Stratum are at an equal 
Depth below the Surface of the Fluid with 
this, they alſo ſuſtain an equal Degree of Preſ- 
fure (by the laſt Propoſition, conſequently for 
the fame Reaſon that one of them is moving 
towards D, the reſt may all be faid to be 
moving in the ſame Direction: but this can- 
not be true of the whole Stratum, while the 
Veſſel is entire, and therefore of none of its 
Parts. Now, the like Reaſoning will hold a- 
inſt the Motion of the Particle m towards 
any other Part of the Veſſel; from whence it 
follows, that each Particle of the Fluid is 


füſtained in its Place by the contiguous DO) | 


ane 
© G44 4b 
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and therefore diſpoſed to continue at Reſt.* 
VI. From hence is derived a fundamental 
| Propoſition in Hydroſtatics, Viz, That when, 
the Surface of x Fluid is level, whatever; Preſ- 
ſure any ſingle Particles or ſmall Portion of i it 
ſuſtains from the contiguous ones on one 
Part, it ſuſtains the ſame on all the reſt; that 
is, it is preſſed by them with an Ig Degres 
of Force on all Ses T 

For, by the Deiiniwon of the Fluid (8. 23 
each Pariicle is diſpoſed to give Way, and 
move out of its Place, when the Preſſure is 
not equal on all Sides; and (5. 5.) each Par- 
ticle is preſſed by the contiguous ones in ſuch 
a Manner, that it is ſuſtained in its Place there- 
by; it is therefore preſſed with . Der 
gree of Force on all Sides. 

Carol. From hence it follows, that —_ 
Particle or mall Portion of à Fluid preſſes 
with the ſame Degree of Force in all Direc- 
tions on thoſe which are contiguous to it. 
For, by the third Law of Nature, every Par- 
mad et 
of a Solid, bee 9 wn th nin Mtn of Parc 


* This Propoſitiori, with irs Corollary; is not ric i 

true, unleſs the Partiele or Portion of Fluid we ſpeak of is — 
poſed void of Gravity, for it preſſes downwards with a Force 
equal to the Weight of thoſe — which reſt upon it, ad- 
ded to its own; Whereas the Force "with which it - 
wards is only equal to the Weight it ſuſtains; vi. of the 
incumbent Fluid. But the Particles of Fluids are fo excesdingli / 
minute, and the Gravi — voy Wy yard wa 
arifing from hence is 1 ble. 

r ae 005 eee eee 30 259 e e Hel 
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ticle* preſſes upon the contiguous ones with 
che ſume Degree of Force, with which it is 
ed upon by them. 
VII. The Surface of a Fluid becomes level 
by its own Gravity, when no external Force 
prevents it being ſo. | 
For, the Particles of Fluids preſs i in all Di. 
rections with Forces proportionable to the = 
Height of their Surfaces (Cor. F. 6. and F. 4.) 
If then the Surface be not level, the different 
Parts of the fame inferior Stratum will be 
preſſed not only downwards, but fideways a- 
gainſt each other with unequal! Forces; the 
Preſſure therefore overcoming the weak- 
er, the Particles which ſuſtain the leaſt Preſ- 
ſure, will be driven out of their Places and 
raiſed up, till the Surface becomes level ; the 
Surface being level, each Particle will be 
qually preſſed in every Direction, (F. 8.) 
therefore will remain at Reſt, and the Surface 
continue ue uy bt 


founded upon a 


' -their Gravity in ET 
Popfly rae, rrue, 


is the Earth, C its Center, EFGH- a 
and divi 
Center of the Earth, W 
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* Kind. C12 34 
This — is a . See 
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of what has been obſerved about the Nature 


of the Particles of which Fluids conſiſt, ui. 
that they are ſolid, and endued with the ſame 
Properties with other Bodies. The Reaſon 
Why their Gravity is not ſenſible in the Fluid, 
is becauſe the lower Parts ſuſtain the upper, 
and hinder them from deſcending. But, it 

does not follow from thence, that the DP 
of the uppermoſt is entirely taken away, as 
ſore #* CY laue eginer ; we. 144 


au UT 


ſhould find tha the Panieles of the Fluid will 8 
librio with each other, till all- the Parts of its Surface are at 
equal Diſtances from the Center of the Earth, forming thereby 
the Surface EF, concentrie to that of the Ir 4. if 

| Poſing the Fluid EFGH continued down to C, fox to fi 

ace ECF; it is evident the Columns, into. which the Fluid is 
| cannot be of equal and therefote cannot be of 
an exact Counterpoiſe to each other, unleſs the Surface EF is a 
Portion of a Sphere, whoſe Center is C : but the Action of the 
Parts of the Fluid upoti each other at the Surface, is the ſame, 
whether the lower Part GCH be a Fluid, or not. — 
the Surfaces of Fluids are not level or plain, but convex, having 
| the Center of the Earth for the Center of their Convexity.. . 

This Convexity, - by _—_ of the great Diltance of the 
Earth's Center, approaches ſo. peag;he 3. Plat, ge. By: (het 
Portions of it, the Difference i is not ſenſible, and therefore 
be | 


from their View, y the Convexity 


This was the Notion of the Cartefians, 
when a Fluid is mixed with another of the 


TROOP" 
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12 The Acliom of Fluids Part II. 
much as the lower Parts preſs againſt the upper 
in ſuſtaining them; juſt ſo much do the upper 
by their Reaction preſs upon the lower, Thus, 
the Weight of the whole Fluid is communi- 
cated , 15 the Veſſel, which therefore weighs 
according to the Quantity i it contains, notwith- 
ſtanding the Preſſure of each Portion of the 
Fluid, taken ſeparately, ſeems not to affect it. 
IX. The Preſſure of a Fluid is in Propor- 
tion to its perpendicular Height, and the Quan- 
tity of Sur tace againſt which it preſſes. 
This Prapoſition admits of four Caſes. 
1. When the Fluid is contained in a Veſ- 
- ſel of the ſame Dimenſions, from Top to Bot- 
tom, and held in an erect Poſition, as that 
re reſented Fig. 1. it is evident, che Preflure 
the Fluid upon the Bottom will be in Pro- 
portion on to its Magnitude, and the perpendicu- 
lar Height of he Surface of the Fluid above 
it. For, conceiving it divided into Columns, 
the Preſſure upon * Bottom, by the fourth 
fition, ll u asthe *. or Height 

of the Columns: and it will alſo be as Tie 
3 of — becauſe the atity of 
Fluid, h preſſes upon the Bottom, is in 
chat 3 | that is, as the Magnitude of 
the Bottom preſſed upon. But 5 — Veſ- 
2 is inclined or irregular, the Truth of this 
ol ition is fo far from being evident, that 
1 Thr n ee * * as a Pa- 
2. Let 


5 1 / ” © * \ 
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2. Let the Veſſel ABCD (Hg. 3.) de filled 
with a Fluid wg Height BF, and 1247 1 
an inclined Poſition, as t repreſented 
ſay, the Preſſure of the Fluid is Nane 
able to the Magnitude of the Baſe CD, and 
FG or HD the perpendicular Height of the 
Surface of the Fluid above it. 

For ſuppoſing the Fluid divided into the 
Strata El, KM, LO, 288 as the firſt 
Stratum El is prevented ag u 
KI the Fatal ker 8 next 1 > 604 
in ſome Meaſure ſu pported by the 
Side of che Veſſel FI, fo 41 is its Preſſure 
augmented by the Reaction of the oppofite 
Side BK updn it, which is exactly equal to 


g every Way alike, at the ſame 
low the Surface, exerts an equal Force a- 
gainſt both theſe Sides. The Surface there- 
fore of the ſecond Stratum is preffedyyith che 
fame Degree of Force with which] it would be, 
if the Quantity of Fluid contained in the for- 
mer Stratum was included within the Space 
| , Which.is exactly equal to it, as having 
the ſame Baſe KI, and the fame perpendicular 
Height QI*. Now, this being true af each 
Stratum, their Preflure upon OD the Baſe of 
5 * is the fame, as if they were all 
bree Me pendicularly over it, and filled the 
H 


D; which they would 40. A 
* 31. N 11. 
5 4 
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the Action of the former, becauſe” the Fluid 
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the Sum of their perpendicular Height QI, KS, 
LT and NY are equal- to HD the perpendicu- 
lar Height of this Space, and each of their Ba- 
ſes KI, LM, Sc. is equal to CD its Baſe +. 
But, by the foregoing - Caſe, if the Spaco 
RHCD was filled with a Fluid, the Preſſure 

of it would be proportionable to the Dimen- 
ſions of the Baſe CD, and the perpendicular 
Height DH, therefore it is the ſame in the | in- 
clined Tube ABCD ||. | 
3. Let the Veſſel ABO be n as 
repreſented Figure-the fourth, and Aied with 
Fluid to the Height D, I fay, the Preſſure 

of the Fluid upon the Baſe C, is proportion- 

able to the Magnitude of the Baſe, and CD 
the perpendicular n, the Surkace of ** 
Fluid above. 


+ 31. EL it, Share + ih | 

- | Per DI Ge Ohta Std 

. frrate this bin. with. the Genierality of Authors from the 

Pro of the inclined Plane. They confider AD the lower 

Side of the Tube, as an inclined Plane, on which the Fluid 

_ contained Within it reſts, and argue that it loſes th 3 
Baſe, 


of its Weight in Proportion to the Length of 
therefore occaſions no greater Preſſure upon the 


the Veſſel was held creQt, and filled only to the ſame perpen- 
dicular Height, as when inclined. But this Demonſtration 
s too much, for by this Way of Reaſoning, - one mi 
, that the Preflure of the Fluid EFCD upon the Baſe 
| 3s leſs than the — @ Column If — 
having the ſame Baſe and equal perpendicular Height with it. 
For both the inclined, and the perpendicular Column Gone) 
the { Quantiy of Fluid, upon Account of the Eq 


weir 9 . 


inclined Plane. which this does not, and therefore leſs 
upon the Baſe. But this is contrary both to — and 


A | Fas 
" In 
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In order chat the Proof of this Propoſition 
may be the better underſtood, e muſt pre- 
miſe the following Lemma, vn. 
That when a Fluid paſſes through a Pipe, 
as AB, (Hg. 5.) which in ſome Parts is larger 
than in others, the Moment, or Force with 
which it moves, is every where the ſame. For 
while the Fluid is paſſing. through the Tube, 
its Velocity in every Part will be reciprocally 
as the Quantity of Matter; for Inſtance; it will 
be as much greater at C, than it is at D, as 
the Quantity paſſing through 'C at any Inſtant 
of Time, is leſs than at D, and fo of the reſt; 
| becauſe -a leſs Quantity would be conveyed 
through the ſmaller Parts of the Tube in the 
flame Time, unleſs it ſhould move faſter there 
in Proportion to the Small neſs of them. Now I 
the Momentum of Bodies is partly owing to 
the Quantity of Matter, and partly to the Ve- 
locity; (as explained Part I. Chap. g. 5. 1.) 
conſequently; what the Fluid, which is actually 
paſſing through the narrower Parts of the 
Tube, wants in Quantity, is compenſated by 
its Velocity in thoſe Parts, and what it wants 
in Point of Velocity in the other Parts, is 
made up by the Quantity paſſing througly 
them; ſo that the Moment ĩs the ſame in every © 
Part of the Tube, whether larger or nar- 
tower *. The ſame is true, whatever be the 
Poſition the Tube is held im. 
nN SCH 205t | 2 Let 
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? Thus, we may obſerve in a River or Canal, that by 

HO puck the Breadth or Depthis Jes in any Part, ſo much the | 
e a . : | | | 
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Let us now conceive the Fluid in the 
Veſſel ABC (Eg. 4.) to be diſtinguiſhed in- 
to the Strata EF, GH, IK, &c. Let us alſo 
imagine the Bottom of the Veſſel C to be 
moveable, that is, capable of ſliding up and 
down the narrow Part of the Veſſel, v. g. 
from C to GH, (without -letting any of the 
Fluid run out.) Let it further be ſuppoſed 
that this moveable Bottom, is drawn up or let 
down with a given Velocity, while the Veſ- 
ſel itſelf is fixed and immoveable ; it is evi- 
dent the lowermoſt Stratum, which is conti- 
guous to the Bottom, will be raiſed or let 
down with the ſame Velocity, and will there- 
by have a Moment proportionable to that 
Velocity, and the Quantity of Matter it con- 
tains: But by the Lemma, all the reſt of the 
Strata will have the ſame Moment, conſe- 
quently the Moment of all taken together, 
(that is, of the whole Fluid,) is the ſame, as 
if the Veſſel had been no larger in any one 
Part, than it is at the Bottom, (for then the 
Moment of each Stratum would alſo have 
been as great as that of the lowermoſt;) the 
Preſſure therefore, or Action of the Fluid, 
with which it endeavours to force the Bot- 
tom out of its Place, is as the Number of 
Strata, that is, the perpendicular Height of the 


more rapid is the Stream in that Part; and on the contrary, 
where it is wider and deeper, the Motion of the Water is more 
tle and languid. So that the Moment, with which it flows, 


Fluid, 


B the ſame in every Part. 


_ 
— 
+ 
| 
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Fluid, and the Magnitude of the lowermoſt 
Stratum, _ is, the Bottom. 


Again, oſe the Veſſel ABC (Hr. 6. 
* 12 ) 


fill'd "with a to D; I ſay the Preſſure 
upon the Bottom BC, is proportionable to the 
Dimenſions of the Bottom, and to DE the 
perpendicular Height of the Fluid. 

For, if we ſuppoſe the Bottom bsespblg 
as before, and raiſed/ up or let down with a 
given Velocity, the Moment of every Stra- 
tum will be the fame with that of the lower 


moſt, by the Lemma; therefore the Moment - 


of all taken together, is the ſame, as if the 
Veſſel had been no leſs in any one Part, than 
it is at the Bottom; C atly the Preſſure 
is rtionable to the perpendicular Height, 

Magnitude of the Bottom. This Cale 
is the Cotverke of the former®, | 1 


: - 
G 


7" dps i l Wedel the inks fic lier 5 but... 
through Pipes from. Place to Place, r. For from 
follows, that if one End of a Pip wt ee 
ter, the Fluid will run into the Pipe, till it rifes to * 

the other End with its Surface in the Reſervoir. wk 
ABC (Fig. 8.) repreſent a Reſervoir or Bafon of Water, 

a Pipe laid from thence to E If E the End of the Pipe is pla- 
ced above the Line ABF, the Leyel of the Water in the Reſer- 
voir, the Water will run into the Pipe, all it Hee in the 
other End to F the Level with AB; at which Time the Water 
in the Pipe will be in uilibrio with that in the Reſervoir, 
and remain at Reſt. But if the End of the Pipe is below the 
Surface of the Water in the Reſervoir, it will continue hg 
2 it of the Fipe, then fince F th Peper Ne of 
Part of the Pipe, then ce F the ei 
the Fluid on one Side, is nee mo 5 
of 4ho Fluid on the other, and GH, wc being the Pic 
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18 The Action , Fluids Part II. 
From hence it follows, that, if a Veſſel i is 
made of ſuch a Form, as is repreſented (Fig. 7.) 
by ABCDEEFG, and filled with a Fluid to 
the Height C, the Weight which the Bottom 
ſuſtains, is as great as it would be, had the 
Veſſel been IKFG (which is every where of 
the ſame Dimenſions, that the other is of at 
the Bottom) and filled to the Top IK. Be- 
cauſe the Preſſure, by the Propoſition, is pro- 
jonable to the Bottom and perpendi- 
cular. Height, which in both Cales are ny 
F fame, * 11 <! | 
ef > W135 TA GP X. The 


— rs | ET 
e Fit one againſt another) may be conſider'd 
as a Baſe to both, rk ae it follows from this Propoſition, 
thiar the Preſſures on each Side are exaQly equal; and therefore 
being in contrary Directions will neceſſarily roy each other, 
and the Fluid will remain in Aquilibrio. But while *. End 
E is _ the Level, this Aquilibrium cannot be ined; 
and t refore the Fluid will continue to run out. 

For the ſame Reaſon, when two or more Tubes communicate 
with each other, the Surface of the Fluid they contain will 
tand at the ſame Level in all. 

The Reaſon why the Veſſel ABCDEFG, within the Fluid 
contained in it, does not weigh ſo much, as the Veſlel IKFG, 
when full to the ſame Height, notwithſtanding the Preſſure * 
on the Bottom is the ſame in both, is, becauſe AB DE the u 

per Part, or Cover of the former Veſſel, is preſſed upwards by 
the Flaid below it, with a Force equal to the Endeavour the 
Fluid 1 in the ſmall Tube BCD has to deſcend. Which Endea- 
vour is the ſame that it would be, if the Tube BCD compre- 
hended alſo the two Spaces ICBA and CKED, its Moment 
being the ſame in both Caſes by the Demonſtration ; the Cover 
therefore is preſſed upwards with a Force equal to the Weight 
of as much Fluid as would fill the two Spaces ICBA and 
CKED; conſequently the Veſſel, , whoſe Form is ABCDEFG, 
is ſo much lighter than the other, that i . N moch as the Fluid 


it contains is leſs. 
* 85 4 " | 8 . | w From 
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X. The Velocity, with which a Fluid f| outs 


out at an Hole in the Bottom of a' Veſſel, is 
equal to that, which a Body would acquire 


by falling freely from the Level of the Surface 


of the Fluid to the Hole. 
Let there be a large cylindrical Tube 


. ABCD (Hg. q.) in the upper Part of which 


let us imagine a Cylinder of Ice FGHI ex- 
actly fitting it; let it further be ſuppoſed, ' that 


HI, the lower Surface of the Ice, is continually 


melting, ſo as to afford a Stream of Water 
running down the Middle of the Tube. Now 
the Form of this Stream of Water will ne- 


ceſſarily be ſuch, as is repreſented in the Fi- 


gure by HLI; for the Water falling freely 
will deſcend faſter and faſter like other Bodies, 


cauſing thereby the Stream to become nar- 


rower and narrower. Now, let it be ſuppo- 


- 


ſed, that the Tube has a Bottom, as CD, with 


an Hole in it at K, juſt ſufficient to let the 


Stream pals freely; it is evident, there will be 


no Obſtruction on this Account, but that the 


From hence ariſes this Paradox, that the leaſt Quantity of 


Ong, if be made to raiſe any Weight how great. ſoever 
it be, " 


For fince the Cover ABDE is preſſed upwards with a Force 


equal to the Weight of as much Fluid, as would fill the two 
Spaces ICBA and CKED, and thoſe Spaces may be enlarged 
at Pleaſure in Height, by lengthening the Tube BCD (which 
at the ſame Time muſt be made proportionably ſmaller, 0 

wiſe the ſame Quantity of Fluid will not fill it;) it follows, 
that the ſame Quantity of Fluid may be made to preſs the Co- 
ver upwards with a given Force; if that Cover then is made 
2 any Weight that is laid upon it may be ſupported 


by. ; 
C Fluid 
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Fluid will paſs. through the Hole with ſuch 
Velocity, as it naturally acquires by falling 
from HI, the lower Surface of the Ice. And 
if we ſuppoſe M and N, the empty Parts of 
the Tube, to be filled with Water, the Water 
will preſs equally upon the Sides of the Stream 
in every Direction (5. 6.) and therefore will 
be no Impediment to its Motion on that Ac- 
count. Laſtly, let us ſuppoſe the Ice taken a- 
way, and the Stream ſupplied from the Wa- 
ter at the Sides, as is the Caſe when a Fluid 
runs out through the Bottom of a Veſſel; then 
will the Velocity, with which the Water flows 
through the Hole, continue the ſame; for ſo 
far as 1 Water coming from the Sides, en- 
deavours to deſcend itſelf, ſo far it obſtructs "ty 
the Deſcent, of the Stream, and no farther; 
and conſequently cauſes no Alteration, in the 
Velocity or Quantity of Fluid running out. 
The Velocity therefore, with which the Fluid 
paſſes through the Hole, is equal to that, 
which a Body would acquire by falling freely 

from the Level of the Surface of the Fluid 
to that Place. 

If the Hole is made in the Side of the 
Veſſel at the fame Diſtance below the Sur- 
face, the Velocity will be the ſame, on Ac- 
count of that equal Tendency Fluids have to 
move every Way alike ®. 

XI, The | 


Upon -this Principle is founded the Practice of 
2 Fountains.” For if to a Veſſel or Reſervoir ABCD, 
(Hs. ws filled with a Fluid to the 9 be fixed the 


* | Pipe 
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XI. The Velocity, with which a Fluid 
ſpouts out from the Bottom or Side of a Vef- 
ſel, is as the ſquare Root of the n of its 
Surface above the Hole *. | 

The Cauſe, why a Fluid ſpouts out through 
an Hole made in the Bottom or Side of a Veſ- 
fel; is the Preſſure or Weight of the Fluid in- 
cumbent upon the Hole; from whenee it 
ſhould! feem, that the Velocity ought to be 
as the Preſſure; but if ſo, then the Quantity 


Pipe CH, with a ſmall A at K, the Fluid Le 
from thence to FL, the Level of the Surface of the Fluid in 
the Veſſel. For, by this Propoſition, it will ſpout from K with 
ſuch a Vel e falling from FL, 
= Level of © Sd to the Aperture at K; that is, ſuch 
carry it from the Ft — r 


ty Which a Body acquires 
Ve is ſufficient, to ny hack to che Tims Haight 
whence it fell. 

But in Fragte the Height me Fluid riſes 5 
that of the Le of ® Surface in the Reſervoir : this is ow» 
ing tp the Reithunce js moos red Hom thn 2 
againſt the Sides of the Pipe, Cc. It is found impoffible 
make it much exceed the right | of an hundred Feet: For, 
when it ſpouts out of, the Aperture with a * neceſ- 
hy OT» the Stream is 1 
do pi 


| may 
the tak. in the following Manner. 7 Ts 
with which, a Fluid ſpouts out through an Hole in the Bor. 
tom or Side of a Veſſel, is equal to that which a Body would 
acquire by falling from the: evel of the Sufface of the Fluid 
to the Hole, | the Velocities Bodies acq amo of i Pom, $3 
as the ſquare Roots of the Heights they : 
Cha 5. J. 3) ir follows, ar the Velocity, with w 

823 6 pouts qut D LR REED. > 
ay ng ing age gl ons 
Surface of the Fluid above the Hole. 
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run out would alſo be as the Preſſure (for, 


the faſter the Liquor flows, the. greater 1s the 
Quantity thrown out in a given Time, and 


vice vers) conſequently, upon this Suppo- 


ſition we-ſhould have two Effects, each de- 


pending on the ſame Cauſe and equal to it, 
which is abſurd. Tis not then the Quantity 
of Fluid run out, nor the Velocity with which 
it flows, but its Moment, or both theſe mul- 
tiplied together, (Part I. Ch. 9. C. 1.) that is 
the true and adequate Effect of the Preſſure. 
Now theſe being ever in the ſame Ratio 
with each other, tis neceſſary, in Order that 
the Effect may be proportionable to its Cauſe, 


that each of hap be only as the ſquare Root 


of the Preſſure: For then, being multiplied 
together, their Product, or the Moment of the 
ſpouting Fluid, is adequately as the Preſſure 
which occaſions it; but the Preſſure is as the 
perpendicular Height ( 4.) therefore the Ve- 
locity, and alſo the * of Fluid ſpout- 
ing out, is only as the ſquare Root of the 
Heizht of its Surface above the Hole. 

To give an Inſtance or two; ſuppoſe two 
Holes made in the Side of a Veſlel, the one an 
Inch below the Surface of the F vid it contains, 
the other four Inches; the Velocity with Which 


the Liquor flows out of the lower Hole, will 


not be fout Times as great, as that with which 
it lows through the upper, notwithſtanding | 
the Preſſure is fout Times greater: For if it 
ſhould, the Quantity run out in a given Time 
22 8 | would 


=_ 
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would alſo be four Times greater, conſequent- 
ly the Effect produced would be ſixteen Times 
greater than it is at the upper Hole, chat is, 
four Times greater than the Cauſe; which is 
abſurd. Whereas the Velocity and Quantity 
of Matter will each be only twice as great as 
they are above, producing thereby a Force or 
Moment only four Times as great, which is 
proportionable to the Cauſe. 80, if an Hole 
were made ſixteen Times lower than the firſt, 
the Velocity and Quantity of Matter will not 
be each ſixteen Times greater than at the 
other, but only four Times greater a- piece, and 
ſo the Moment ſixteen Tian OG: a the 


Preſſure is *. 
| 4! XII. When 


* From hence, we EW Error ſome of the 8 
Mathematicians have fallen into with Regard to the Forces 
of moving Bodies, who contend that they are as the Squares 
of the Velocities multiplied by the Quantities of Matter. 
For, from this Propoſition i it is, that one of the princi Ar- 
12 brought in Favour of this Opinion is deri They 

thus, Efe&s are ever ble to their — 
the Preſſure of 85 incumbent Flu is the Cauſe of its 
een. pete hang 5 of of I 
ut this tion the Preſſure is as the Square 
tt it 5507 bit therefore the Force is likewiſe as the 
Square of the Velocity. True, it is ſo; but let us ſee the go 
ſequence. The Force, with which the - Fluid ſpouts out, 
not only owing to the Velocity, but alſo to the Quantity'run Ae 
in a given Time, They have each their Share m boek 
the fins conſequently the Force is in a Ratio com 
ed of both, or as Fodad of oe multiplied” 
other, or, which comes to the ſame Thing, (fince as 
obſerved before, they are in the ſame” Ratio 0 wich each oth 


as the Square of either of them. From hence it is 
Forces of Fluids in Motion are ſaid to be as the Sq 
ef their Velocities ; not that they are are ſo in Virtue of 
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XII. When a Current of Water, or other 
Fluid falls, perpendicularly upon the Surface 
of a Plane, or flows againſt it, (as the Wind 
Againſt the Sail of a Ship, or the like) the 
Force, which the Fluid exerts upon it, is equal 
to the Weight of a Column of the-ſame Fluid, 

whoſe Baſe is equal to the Plane, and its 
Height ſuch, that a Body falling freely through 
it would acquire a Degree of Velocity equal 
(at with which the Fluid moves “. | 

In Order to demonſtrate this Propoſition, 
let us ſuppoſe the Veſſel ABCD (Hg. 11.) 
filled with a Fluid, and having a large Hole 
EF in the Bottom, then will the Preſſure of 
the Fluid cauſe a Stream to flow out, which 
in the Hole itſelf will have ſuch a Degree 
of Velocity, as a Body would acquire by fall- 
ing freely. from the Surface of Fluid in 
the Veſſel to the Hole (as demonſtrated 9. * 


| : 2 — 


Volopiias, as ſuch, bat in Virtue of them, and the 
dies of Matter taken Nr wane 
Velocities is 2 ſame Thing With che fimple Velocities mul- 
init by the Quantities of Matter. Therefore when it 
aid, the Forces of Fluids are as the Squares of the Ve- 
—— that Part of the Force which ariſes from the Quan- 
city of Matter is really taken into Conſideration. How ri- 
54 then og oaks o in thoſe Gentlemen to fetch an 
"png "my Bones £9 years, that the Forces of Bodies in 
1 of the Velocities and Quantities of 
are as the Squares of the Velocities, 
only y becauſe he Quancities of Matter are implied in them. 

* From, this Propoſition is deduced the Method of A 
. pt rid which is to be moved by W. 
or Water, Sc. See an Inſtance of ſuch a Calculation in the 
++ og ng nan . dae for the Year 
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In the midſt of this Hole, and con ſequently 
in the Stream, let us ſuppoſe a Plane as P 


ſuſpended, but ſomewhat leſs than is ſufficient 


to fill the Hole, leſt it ſtop the Current of 
the Water. Now, tis certain, this Plane ſup- 
ports a Column of the Fluid, equal to that 
which preſſes upon any other Part of the Bot» 
tom of the Veſſel of equal Dimenſions with 
Itſelf (for being thus placed it may be look- 
ed upon as a Part of the Bottom) but every 
Part beats a Column, whoſe Baſe is equal to 
its own Dimenſions, and its Height the ſame 
with that of the Surface of the Fluid in the 
Veſſel: Conſequently: this Plane ſupports ſuch: 
a Column, that is, it is reſiſted by the Stream 
with a Force equal to the Weight of a Co- 
lumn, whoſe Baſe: has the ſame Dimenſions 
with itſelf, and whoſe Height is equal to that 
of the Surface of the Fluid in the Veſſel, that 
is, ſuch an Height as a Body by falling freely 
from, would acquire a Velocity equal to that 
with which the Fluid moves. as 
XIII. The Preſſure of a Fluid againſt a per- 
pendicular Bank or Sluice, &c. is equal to the 
Weight of a Column of the ſame Fluid, whoſe 
Baſe is equal to ſo much of the Bank as is be- 
low the Surface of the Fluid, and whoſe Height 
is equal to half the Depth of the Fluid “. 


It 


From hence we ſee the Reaſon, why the Water of the Sea 
or great Lakes is as eafily kept within their. Banks (ſetting 
Ake the Force which ariſes from the Motion of the * 
f C. 
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Tf the Preſſure upon every Part of the Bank 
from the Surface to the Bottom, was as great 
as it is at the Bottom, the Preſſure againſt it 
would be equal to the Weight of a Column, 
whoſe Baſe is equal to ſo much of the Bank 
as is under the. Surface of the Fluid, and 
which has the whole Depth of the Fluid for 
its Height; for the Preſſure upon every Part 
of the Bank at the Bottom is equal to the 
Weight of a Column, whoſe Baſe correſponds 
to the Part preſſed upon, and whoſe Height is 
that of the Depth of the Fluid; conſequent- 
ly if the Preſſure was the ſame every where 
from Top to Bottom, it would be equal to 
the Weight of as many ſuch Columns as would 
anſwer to all the Parts of the Bank: But the 
Preſſure every where diminiſhes in Proportion 
as we approach the Top, where it is Nothing; 
it is therefore but haf * what it would be in 
the other Caſe ; from whence the Propoſition 
is clear. 


Sc.) as that of the narroweſt Canal, wiz. becauſe the Preſſure 
of Fluids is not in Proportion to their Surfaces, but their 
Depths, and the Surfaces they preſs againſt. | 

* Becauſe the Sum of a Number of Terms in Arithmetical 
Progreſſion beginning from Nothing, is half the Sum of an 
equal Number of Terms, each of which is equal to the laſt in 
the Progreſſion, 
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BEARS”. 
0 7 the Efects Fluids have on Solids 
immerſed therein. 1 


fy HE Specific Gravity As doch leben 
by which it is ſaid to be heavier, or 
lighter than another of a different Kind: Thus 
Lead is faid to be ſpecifically heavier than 
Cork ; becauſe ſuppoſing an equal 'Bulk of 
each, the one would be heavier than the other. 
From hence it follows, that a Body, ſpecifi- 
cally heavier than another, is alſo tives denſe, 
that is, contains a greater Quantity of Matter 
under the ſame Bulk, becauſe Bodies weigh 
in Proportion to the Quantities of Matter they 
contain (Part I. Chap. 3. f. 7.) | 
II. If a Solid be immerſed in a Fluid of 
the fame ſpecific Gravity with itſelf, it will 
reinain ſuſpended therein, in whatever Part 
of the Fluid it is put 
Let the Body FGHI (Fig. 12.) be im- 
merſed in the Fluid ABCD to the Depth MN, 
or any other whatever; I ſay, it will continue 
in the ſame Part of che Fluid, when left to it- 
ſelf, without either riſing towards the Surface, 
or ſinking towards the Bottom, 
| For, the Body being (by the Sup 6 of 
equal Gravity tb the” loid, the. Weis ht of 
the Column KLHI, which conſiſts — of 
D Fluid, 
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Fluid, and partly of the Body, is the ſame as 
if it had been all Fluid; conſequently HI, that 
Part of the Surface of the Stratum MN, which 
lies immediately under the Body, is preſſed 
with the ſame Degree of Force, that any other 
Part of the ſame Dimenſions is, and there- 
fore the whole Column KLHI will be ſup- 
ported in its Place. Now, the ſame being 
true of the Column KLHI, whatever be its 
Length, tis evident the Body will be ſuſpend- 
ed in its Place at any Depth. 1 56 
III. But if the Body is ſpecifically heavier 
than the Fluid, in which it is immerſed, it 
will ſubſide to the Bottom: For then, in what- 
ever Part of the Fluid it is put, the Column 
EKLHI will always be heavier than an equal 
Column, that conſiſts all of Fluid; conſequent- 
ly HI, that Part of the Stratum MN, which 
lies immediately under the Body, will ſuffer 
a greater Preſſure, than any other Part of the 
fame Dimenſions; and therefore will give way, 
and permit the Body to ſubſide continually, 
till it reaches the Bottom. 
IV. On the contrary, if the Body is ſpeci- 
fically lighter. than the Fluid, it will riſe to 
the Top, in what Part of the Fluid ſoever it 
is put. For then, the Column KLIHI will 
always be lighter than an equal Column 
which is all Fluid; / conſequently HI will be 
leſs preſſed downwards, than any other Part 
of the ſame Stratum of equal Dimenſions, we 


Chap. 2. upon Solidlt. 29 


will therefore continually riſe up, carrying che . 
Body with it, till it arrives at the Top. 

V. A Body, being laid on tlie Surface of 
a Fluid ſpecifically heavier than” itſelf,” ſinks 
into it; till the immerſed” Part takes up the 
Place of a Quantity of Fluid, whoſe Wanne 1 
is equal to that of "is whole Bod. 

Let EFGH (Fig. 13.) be a Body, floating 
on a Liquor ſpecifically heavier than itſelf, 
it will ſink into it, till the immerſed Part 
IK GH takes up the Place of ſo much Fluid 
as is equal to it in Weight. For, in that OCaſe, 
GH, that Part of the Surface of the Stratum 
upon Which the Body reſts, is preſſed with 
the ſame Degree of Force, as it would be, 
was the Space IK GH full of the Fluid; that 
is, all the Parts of that Stratum are - 
alike; and / therefore 'the- Body, after” 
ſunk ſo far into the Fluid, is in Tells 
with it, and will remain at Reſt. * % of} 

From hence it follows, that a Body: is as 
much ſpecifically lighter, than the Fluid on 
which it floats, as the immerſed Part is leſs 
than the Whole. For, by how much the leſs 
the immerſed Part is, ſo much the leis Fluid 
is equal in Weight to the Whole ; that 
is, the Body is ſo much the lighter in Reſpect 
of the Fluid, And, if the ſame Body be made 
to float ſucceſſively in Fluids, - whoſe ſpecific 
Gravities differ among themſelves, (but all ex- 
ceed that of the , the lighter the * 
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r greater, will be ered Part im- 
eren . 

VI. A Body, ſuſpended in/a Fluid ſpeci- 
fically lighter than itſelf, loſes a Part of its 
Weig Tt: (or | rather | communicates! it to the 
Fluid) equal to to that o a Quantity of Fluid of 
the ſame Bulk. 

"Lets, inſtead of ſuppoſing the: Body ſuſ⸗ 
pended in the Fluid, imagine it to be away, 
and its Place filled with the Fluid; now tis 
evident, this: being of the fame. ſpecific Gra- 
vity with the circumjacent Fluid, will be en- 
tirely ſupported by it, or, if we ſuppoſe the 
Bede td be of this fame ſpecific Gravity with 
the Huid, it will be wholly ſuſpended by it; 
we ice; therefore: the Preſſure of the circum- 
ambient 3 whereby:it endeavours. to buoy 

up the B ody, is equivalent to the Weight of 
n Fluid, as would fill the Place the 
Body takes up. But, ſince the Fluid preſſes 
Nb the Surface of the Body, that. Preſ- 
ſore is the ſame, whatever be the ſpecific Gra- 
vity of the Body; the Body therefore loſes ſo 
much of its Weight, as the Floid would natu- 
rally Dudgtupitstis ſo much, as is the Weight 
al: a Quintity of, W * the ſame Bulk, 


. 1 * riſe ca Hydro 
ter, at a Nb Uſe K rig the, Hydro 


* for it rarely happens, that the adulterated 
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This Propoſition affords us a Method of 
determining the Relation, which the {j 
Gravities of Bodies, whether Fluid or Solid, 
bear to each other. For, whereas by weigh- 
ing a Solid in a Fluid ſpecifically lighter than 
8 we find the abſolute Weight of a n- 
ty of the Fluid equal to it in Bulk (via, the 
Weis ht the. Solid loſes) the Relatiqn, , 2 
| W to the Weight of the Solid. 1. 
the Relation of their — 2 Gravities 
cauſe the Weights of Bodies, e by : 
are equal, are as their ſpecific Gravities: Mr. 
ſequently, if the ſame Solid is 1 
ceſſively in different Fluids (all er than 
itſelf.) we gain the; Relation, Which the { 
cite deen wh each bears to that of the 8g 
lid, and therefore to one another. » Again, 
if different Solids are wei in the 25 
Fluid, the Relation, which the peel 3 
of that Fluid bears to each Solid, is had, 
therefore. alſo the ſpecific In of the. 4 
lids RE: SOR 1rd RAM 
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8 "CHAP. 11. 
1 0 of the 7" 


HAT Part of Natural Philoſophy, | 

which treats of the Properties of the 
Air, and the Effects of its Preſſure and Elaſ- 
ici „ is called Pneumatics. | 

II. Air is a thin tranſparent elaſtic Fluid ſur- 
rounding the Earth to a certain Height, and 
taken all together, is called the Atmoſphere. 

III. That Air is a Fluid, is evident from 
= ealy Paſſug e it affords to Bodies moving 

For this ſhews it to be a Body, whoſe 
Pitts eafily y ield to a Preſſure, that is greater 
on one side than on the other, which Is _ 
Definition of a Fluid. 4 

IV. Air gravitates towards the Earth, or s 
heavy like other Bodies. 

To prove this, we have Abundance of Pl 
guments both from Senſe and Experiment. 
Thus, When the Hand is applied to the Ori- 
fice of a Veſſel, it readily | end the Weight 
of the incumbent Atmoſphere, as ſoon as the 


the Fluid. This done, ſay, by the Rule of Proportion, as the 
2 che Fluid is to its Weight in Air, ſo is Unity, 
or any Number taken at Pleaſure, to a Fourth, which by its 
Relation to the former, will the Relation of ſpe- 
cific Gravity of the Solid to that of the Fluid. Thus, the Re- 
lation, which the ſpecific Gravity of the ſame Fluid bears to that 
of various Solids; or of the ſame Solid to that of various F 
and conſequently the Relation of the * n. of 
„ | Air 
r 
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Air included in the Veſſel begins to be. 1 
out. Thus, Glaſs-Veſſels 2 — of their 
Air (if not ſtrong enough to ſuſtain the Preſ- 
ſure of the incumbent Atmoſphere) are cruſh- 
ed to Pieces by the Weight of the Air with- 
out. When the Air is exhauſted. out of a 
Veſſel, the Veſſel weighs leſs than before. 
With a great many more Experiments gene- 
rally mentioned by Authors on this Subject *. 
V. The exact Weight of the incumbent Air 
is determined by filling a Tube with Mercury, 
and immerging the open End in a Veſſel of 
the ſame Fluid: For then the Mercury will 
run down the Tube, till its Surface is fallen 
to the perpendicular Height of about twen- 
ty- nine or thirty Inches above the Surface of 
the Mercury: in the Veſſel, and no further: 
if the ſame Experiment is made with Water, 
the Surface of it will ſtand at about the Height 
of thirty-two Feet above the Surface of that 
in the Veſſel; the Column of Mercury in 
one Caſe, and the. Column of Water 4n the 
other, exactly balancing the Weight of a Co- 
lumn of Air, which reaches to the Top of the 
Atmoſphere, and preſſes upon the Surface of 
the Fluid in the Veſſels. This is what is 
called the Torricellian Experiment, from Tox- 


RICELLI-the Inventor, and is the ans with 
the common Barometer, 


| „ See Bojle's Trafts, or Graveſend, Lib, IL, P. II. 
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From hence it follows (Chap. I. F. 9.) 
that all Bodies, at the Surface of the Earth, 
ſuſtam as great a Weight from the Preſſure 
of the Air, as is that of a Column of Water, 
whoſe Height is thirty-two Feet, and its Baſe 
equal to the Surface of the Body 'prefled 
n n. : $I ; & : 

VI. That the Suſpenſion of the Mercury 

in the Barometer depends on the Preſſure of 
the external Air, is beyond all doubt; for if 
the Barometer is included in the Air-Pump, 
the Mercury falls in the Tube, in Proportion 
as the Air is exhauſted out of the Receiver; 
and if the Air is let in again gradually, the 
Mercury reaſcends proportionably, till it reach- 
es its former Height. | 

VII. That the Atmoſphere is extended to 
a determinate Height, appears from hence; 
viz. that when the Torricellian Tube is re- 
moved to a more elevated Place, the ſuſpend- 
ed Column of Mercury becomes ſhorter ; 
which is, becauſe a fhorter Column of Air 


The Preſſure of the Atmoſphere upon every ſquare Inch, 
near the Surface of the Earth, is about fifteen Pounds, being 
equal to the Weight of a Column of Mercury, whoſe Height 
is thirty Inches, and its Baſe one ſquare Inch. For, ſuch a 
Column of Mercury would weigh about fifteen Pounds. The 
Weight of the Atmoſphere therefore, which pr-fles upon a Man's 

Body, is equal to ſo many Times fifteen Pounds, as the Surface 
of his Body contains ſquare Inches. | 
The Reaſon why a Perſon ſuffers no Inconvenience from ſo 
great a Preſſure, is owing to the Air included within the Pores 
_ and-Fluids of the Body, which by its Reaction is a Counterpoiſe 
to the Preſſure of the external Air. 

| preſſes 
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preſſes upon it; or, that the Tube, in this 
Situation, is nearer the Top of the Atmoſ- 

rr + bandt an uno 26 ul 
pb Ii. The Elaſticity of the Air is that Pro- 
perty by which it contracts itſelf into leſs 
Space, when. an additional Preſſure is laid up- 
on it; and recovers; its former Dimenſions, 
when the Preſſure is taken off. This is ac- 
counted its diſtinguiſhing Property, all the reſt 
being common to it with other Fluids. 
_ Of this we have numerous Proofs. Thus, 
a Bladder full of Air being compreſſed by the 


Hand, the included Ar gives way; but when. 


the Preſſure is taken off, the Air expands it- 


ſelf, and readily fills up the Cavity, or Im- 


* made in the Surface e Bladder. 
And, if a larger Quantity of Air, than is na- 

| 1 fel by the Weight of. 
the incumbent Atmoſphere,” is forced into it 
by the Condenſer (an Engine for that purpoſe) 


and if that Air is afterwards let out by open- 


ing the Veſſel, the Remainder is found to be 


of the ſame Weight as at firſt; from whence, 
it follows, that the Air, by means of its Elaſ- 
ticity or Spring, ; drives out all that which was 


forced in by the Condenſer, recovers its for- 


mer Dimenſions, and fills the Veſſel as before. 

IX. From hence, . together with what has 
been obſerved about the Preſſure of the At- 
moſphere, it follows, that the Air near the 
Surface of the Earth, is compreſſed into a 
much narrower pen by the Weight of 


Air 


the | 


* 
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Air above, than that which it would naty- 
rally take up, was it free from that Preſ- 
ſure; accordipgly it is found by Experiment, 
that, when the Preſſure of the Atmoſphere 1 18 
taken off from any Portion of the Air, it imme- 
diately expands itſelf into à vaſt Extent. Hence 
it is, that t chin Glaſs* Bubbles or Bladders filled 
with Ait, ' being included in the Receiver of 
the Air-Fump, are broke in Pieces by the 
Spring of the Air, which they contain Michi 
em, when the preſſure of the exterpal Air 
is taken Off. Thus, a Bladder quite flaccid, 
contajning only only a ſmall Quanxity of Air in it, 
fevells upon the Removal of the external Air, 
a N diftended, às if it contained as great 
Quantity as poflible. The ſame Effect is found 
in Ca a Bladder r flaccid to a 
more ᷑leVatèed Place, br there the external 
Freſſure being leſs, the Afr included in the 
Bladder is in forme Meafu E free from the Preſ- 
ſure of the Atmoſphere; it therefore dilates it- 
= and diftends the Bladder as in the former 
_» OO . 
X. It is Ho Experiment, at the 
Quantity of hi into Which Air may be 


cntracted by Preſſure, is reciprocally propor- 
tionable to the compreſſing Force. From 
whence it follows, that the -Denfity of the Air 
is  proportionable to the Preflure which it ſuſ- 
tains; becauſe the lefs the Space is, into which 

2 given Quantity of it is contracted, the den- 


ſer it! is. As to the Le — of Expan- 


ſion 


Chap: 3. Of the Air. 37 
ſion and Contraction, which the Air is capa- 
ble of, they are as yet unknown. In ſeveral 
Experiments made by Mr, Bovrr, Air in its 
natural State, that is, preſſed only. with the 
Weight of the incumbent Atmoſphere, dilated 
itſelf, when that Preſſure was taken off, into 
more than thirteen thouſand Times the Space 
it took up before, And, he was able ſo far 
to compreſs it, that it ſhould take up more than 
five hundred and twenty thouſand Times leſs 
Space than that, into which, it would dilate 
itſelf, when free from its Preſſure . ef 


＋ Mi: 0443). 84] 
| XI. From this Property at follows, 
the Air in the inferior Parts of the Atn 
phere is more denſe than that, Which is at 
great Heights in the ſame; or, that the Den- 
ſity of the Air decreaſes continually, as we 
kes the Top of the Atmoſphere. For the 

denſity of the Air is proportionable to the Force 

| Stare 4 34 Jade fiw-o tt 

* See Boyle's Trafts and Experiments on the Spri 
Preſſure of the Air. L 5 a are 
Various have been the ' Philoſophers concerning 
he Quuſp of ths peodly —— ern —. —.— 
olding it to on their Fi 1 ſuppoſe to re- 
ſemble in foe Manner Rule Bundles ef Ti e 
of Trees; r e 98 
ceive them as rolled up l oops, or the Springs atches, 
and edebvourkiy th cxpadd then feives by Viral of GI 
ture. But Sir Iſanc Newton is of Opinion, that ſuch a'T 

is by no Means ſufficient to account that vaſt Power of Ex- 
panſion obſerved above; but that each Particle is endutd y 

a repelling Force which encreaſes as _— — one ano- 
ther, and accordingly keeps, chem aſunder at Diftances reci- 
procally zonable to the Preſſure they ſuſtain.” + +, 
See Hales Seatical'Eifays. Vel L. Chap. S. x 
42 | ; | E 2 * 18. 1 with 
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with which it is compreſſed, and that Force 
continually decreaſes, as we approach the Top. 
Was the Denfity of the Atmoſphere” every 
"where the ſame as it is near the Surface of the 
Earth, its Height (as is computed from the 
Quantity of Preſſure it exerts in raiſing the 
Mercury in the Barometer) would be about 
five Miles. But whereas its Denſity continually 

_ "decreaſes, as we approach the Top, and it is 
uncertain how far the Particles may expand 
themſelves, where there is little or no Preſſure, 
the true Height cannot be obtained. It is com- 
puted to continue of a ſenſible Denſity to the 
Height of about forty-five, or fifty Miles. 
XII. The Elaſticity of the Air produces the 
ſame Effects with its Preſſure, | * r 
For, Action being equal to Reaction, the 
Force, which the Spring of the Air exerts in 
endeavouring to expand itſelf, is equal to the 
Force with which it is compreſſed; juſt as it 
is in the Spring of a Watch, which exerts no 
Force, but in Proportion as it is wound up; 
conſequently a Quantity of Air in ſuch a State 
of Contraction, as it would be compreſſed in- 
to by the Weight of the incumbent Atmoſ- 
here, exerts a Force equal to that Weight. 

fa Quantity of Air therefore is included in a 

Veſſel, and is of the fame Denſity with the 
citcumambient Ait, its Preſſure againſt the 
Sides of the Veſſel is equal to the Weight of 
the Atmoſphere. Thus, Mercury is ſuſtained 
tg the ſame Height by the elaſtic Force of Air 
8 oa included 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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included in a Glaſs Veſſel, no Way communi- 
cating with the external Air, as by the Weight 
of the Atmoſphere itſelf. 

XIII. The Elaſticity of the Air is augment- 
ed by Heat, and diminiſhed by Cold *. For if 
a Bladder, whick is about half! filled with Air, 
is laid before the Fire, it will, when it is ſuf- 
ficiently heated, be diſtended and burſt. Thus, 
Glaſs Bubbles being laid upon the Fire imme- 
diately burſt with great Violence by the aug- 
mented Spring of the included Air. 

XIV. The Denſity of the Air thus conti- 
nually varying, according to the different De- 
grees of Heat and Cold, to which it is expoſed, 
makes it difficult to aſcertain its true ſpecific 
Gravity. Ricc1oLvs eſtimates it to be to that 
of Water, as one to a Thouſand : MersEnNvs, 
as one to one Thouſand, three Hundred : Mr. 


»* This Property is found in all Bodies boch, Solid and 
Fluid, but in a much leſs Degree, than it is in Air. Thus, 
if a Flaſk be filled with Water, only to the lower Part of 
the Neck, and is then ſet upon the Fire, the Water, when it 
begins to grow warm, will niſe into the Neck, and continue 
to aſcend, as the Heat is increaſed. - And when a Wire or 
Bar of Iron is heated, it is WW 
W the Ph of che Ther- 

ænomena e - 
3 which is a Glaſs Bubble with a ſmall hollow Stem 
ariſing from it. This Bubble and Part of the Stem is uſually 
filled with Mercury, or Spirit of Wine, which will riſe 'or 
fall in the Stem, — of Feat Þ fod- 
of the external Air, a ſufficient D of Heat is ſud- 
denly applied to this Lilies the Liquor is obſerved to 
deſcend a little before it riſes, becauſe the Glaſs diſtending it- 
ſelf, the Capacity-of the Bubble is augmented, — the in 
| F 


Borrx, 
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BoxLx, by more accurate Experiments, found 
it tobe, as one to nine Hundred and Thi 
eight; and thinks, that all Things conſider d, 
the Proportion of one to a Thouſand may be 
taken as a Medium ; .for there is no fixing any 
preciſe Proportion, becauſe- not only the ſpeci- 
fic Gravity of Air, but that of Water alſo, is 
continually varying. However, by ſome Ex- 
periments made ſince with more Accuracy 
before the Royal Soctety, the Proportion has 
been fixed at about one to eight Hundred and 
Eighty. I. 
XV. Air is neceſſary for the Preſervation of 
Animal and Vegetable Life ; neither will Fire 
ſubſiſt without it. The Reaſon of this is as 
yet. unknown to Philoſophers, Mr. HALxs 
y ſeveral curious Experiments in his Statical 
Eſſays makes it probable, that tis owing, to its 
Elaſticity #. en Fur 
CHAP. IV. 
Of the Reſiſlance of Fluids. 
H E Reſiſtance a Body meets with in 
| moving through a Fluid, is of three 
Kinds. The firſt ariſes from the Friction of 


the Body againſt the Particles of the Fluid; 
the ſecond from their Coheſion or Tenacity 


ee his Arayfr of it. Statieal Bfſays, Vol. I. Chap. 6. | 
F among 
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among themſelves ; the third, from their In- 


activity, or the Tendency they have in com- 


mon with other Bodies, to keep the Places 
they poſſeſs. 


ol TY. fr hs: that which ariſes POE hs 
Friction of the Body againſt the Particles of 


the Fluid, is very inconſiderable; for what. 
ever the Weig ht is, which preſſes the Particles 
of à Fluid 8 the Freedom, with which 
a Body moves through it, is not ſenſibly di- 
miniſhed thereby. As was obſerved, Chap, . 
$: 2. in the Notes 1 


The ſecond, or that which ariſes from 0 


Tenacity of the Particles of the Fluid, is 


fs Time on AY. continues n in Ne 
Taue 
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. 3 N ” 6 if N 
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. how 


and which at the * Time i — 2 5 4 


Body makes its Way through 2 tenacions A 2 
Newton himſe . 
Tranſactionz, as follows. 'n para 


* fine Silk, or « like thin Subſſance, exten 
Planes, and fixed at ſmall Diſtances from each 


Nr LL arly 
; than s Globo 1 and by b . 
* loſe Part of its If the Pieces Silk | be of 
Strength, the ſame of Force will bet | 
© each of them; but the Time, in which each 

| fiſts, ill be much ſhorter as the Globe is Grifter ; and the 


of l the Globe conſequent upon its breaki 
< through and ſurmounting the Refiſtance there 
21 ee n es it- 
ſelf to the Globe's Motion; inſomuch that the G by the 


* 
© Refiſtance'of any one Piece of Sik, will loſe ſo much Tefv'of - 


* Motion as it is ſwifter. But on the other Hand, by how 
Hons up the Globe moves, ſo many more of the Silks it 
break through in a given Space of Time; whence the 
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Thus, ſuppoſe a Body continues to move 
within a Fluid for the Space of one Hour; if 
its Motion be very quick during that Time, it 
then moves à great Way in that Fluid, and 
conſequently meets with a great deal of the 
Fluid to reſiſt it; but is re ſted the leſs in 
each Part thereof in Proportion to the Stay it it 
makes there: whereas, if its Motion be flow, 
it then moves but a little Way in that Time, 
but is reſiſted ſo much the longer in each 
Part thereof. So that whether the Body moves 
faſt or low, the Reſiſtance it ſuffers is the 
ſame; and depends therefore on Nothing but 
the Time we . ſuppoſe it to continue moving 
within the Fluid. This Species of Reſiſtance 
1s, a6 very ſmall, except in glutinous and 
viſcid Fluids whoſe Parts are not eaſily ſe- 
es Rat fg 3 ke 


: Far che Site, which BT: chem to the Mo. 


©tion of the Globe in a given Time, n 
„ pottional to che 12 Silk upon the Globe, 25 
* hiſtance made to the Globe by theſe ilk or the Loſs of 
oMagbn the Globe undergoes, by them in a, MT I will 
$ þe always the ſame. _ . 
"Nam, if the Tenacity of the Parts of Fluids obſerves the 
© ſpe Rule, as the Coheſion of the Parts of theſe Silks; name- 
8 of Force is required to ſeparate and 
3 Particles, the Reſiſtance 4 from the 
2 Tenacity +; Tha muſt obſerve the ſame Rule, as the Re- 
| © fiftance of the Silks ; and therefore in a given Time, the Loſs 
© of Motion. a Body undergoes in a Fluid by the Tenacity of 
tits Parts, will in all Degrees of Velocity be the ſame; or in 
© fewer Words, that Part of the Reſiſtance of Fluids, which 
nnn | 
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| The third Species is the oh > Reſiſtance, 
that Fluids give to Bodies, ariſes — 
their Inactivity, or the Tendeneyt Particles, 
of which they conſiſt, have to continue at Reſt. 
The Quantity of this Reſiſtance depends on the 
Velocity the Body moves with on a 3 Ac- 
Count: For, 1 n the ficſt Place, the Number of 
Particles put into Motion by the moying Body 
in any determinate Space of Time, is 
tionable to the Velocity wherewith the 
moves; and in the next Place, the Velocity 
with which each of them is moved, is alſo pro- 
rtionable to the Velocity of the Body; this 
pecies therefore of Rebitayce is in-a dupli- 
cate Proportion, or as the Square of the Ve- 
locity, with which. the Body moves through 
the Fluid *, 
U. Farther, the Refiſtgnge a: Body moviog 
| in a Fluid meets with from. theace, may be 
| pu Tb with Regard to the Fluid; aud 
then it will be faund to be dan 06" ' leſs, a- 


* This . 
gection 0 . 65 Chapter; 
che Reſiſtance a WY 
2000 fach a Dearee of cl 
But the Heights Bodies fall from are as the 
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cording to the Denſity of the Fluid. For by 
how much denſer the Fluid is, ſo much the 
greater Number of Particles are to be put into 
Motion by the Body, in Order to make its 
Way through it. 

III. The next Thing to be conſidered, is the 
Effects of the Reſiſtance of Fluids upon Bodies 
moving in them; that is, the Retardation, 
which they cauſe in the Motion of a Body by 
their Reſiſtance, or the Quantity of Motion 
they deſtroy. 

And this, in ſimilar Bodies of equal M 
tudes, is inverſely as their Denſities, or the 
Quantity of Matter they contain; for by how 
much the greater the Quantity of Matter in 
any Body is, ſo much the more eaſily does it 
overcome the Reſiſtance it meets with from 
the Fluid. Thus we ſee the Reſiſtance of the 
Air has a much leſs Effect in deſtroying the 
Motion of an heavy Body, than of a light 
one which has the Ane Dimenſions. 

IV. In fimilar Bodies of equal Denſities, 
but different Magnitudes, the Retardation is in- 
verſely as their homologous Sides. For the Re- 
ſiſtance Bodies meet with in a Fluid, is inverſely 
as the Quantities of Matter they contain (by 
the laſt) that is inverſely as the Cubes of thei 
homologous Sides; and it is alſo directly as 
their Surfaces, becauſe tis by them that ny 
move the Fluid out of its Place; that is, di- 
rectly as the Squares of their homologous Sides ; 
conſequently 


a” -» 


© 
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conſequently the Retardation is inverſely as 
their homologous Sides . 


- 


2 


Having given the fundamental Principles of 
Hydroſtatics, and ſhewn how Fluids, both 
compreſſible and incompreſſible, are diſpoſed 
to act upon each other, and upon Solids by 
their Preſſure, Motion, Elaſticity, and Re- 
ſiſtance; 1 proceed now to account for ſome of 
the more remarkable Phænomena of Nature, 
in which they are in Part, or altogether con- 
cerned: And this I deſign for the 22 1 
the following Diſſertations. TE 


* Becauſe the inverſe Ratio of the Cubes of any + Neale 
being compounded. with the direct Ratio of the Squares of the 
_ gives the inverſe Ratio of the NO themſelves. 
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DISSERTATION I. 
| 5 Of Sound. 
X7 HEN the Parts of an elaſtic Body are 


-Y.Y put into a tremulous Motion, by Per- 
cufſion, cr the like; fo long as the Tremors 
continue, ſo long is the Air, included in the 
Pores of that Body, and likewiſe that which 
preſſes upon its Surface, affected with the like 
1— and Agitations: Now, the Particles 
of Air being fo far compreſſed together by the 
Weight of the incumbent Atmoſphere, as their 
2 ve Forces permit, (as has been explained, 
Chap. 3.) it follows, that thoſe, which are 
immediately agitated by the reciprocal Mo- 
tions of the Particles of the elaſtic Body, will, 
in their Approach towards thoſe which lie next 
them, impel them alſo towards each other; 
and thereby cauſe them to be more condenſed, 
than they were by the Weight of the incum- 
bent Atmoſphere, and in their Return will ſuffer 
them to expand themſelves again; whereby the 
like Tremors and Agitations will be propagated 
to them; and ſo on, till having arrived at a 
certain Diſtance from the Body, the Vibrations 
geaſe, being gradually deſtroyed. by a conti- 
Nnual ſucceſſive Propagation of Motion to freſh 
Particles of Air throughout their Progreſs. 


Thus 


- 


it, ſpread themſelves from the 
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Thus it is that Sound is communicated from 
a tremulous Body to the Organ of Hearing. 
Each Vibration of the Particles of the ſounding 
Body is ſucceſſively propagated to the Particles 
of the Air, till it reaches thoſe which are con- 
tiguous to the Tympanum of the Ear, (a fine 
Membrane diſtended acroſs it,) and theſe Par- 
ticles in performing their Vibrations impinge 
upon the Tympanum, which agitates the Air 
included within it; an] that being put into a 
like tremulous Motion, affects the auditory 
Nerve, and thus excites in the Mind the Sen- 
ſation or Idea of what we call Svund. 1 
Now fince the repulſive Force of each Par- 
ticle of Air 4s equally diffuſed around it eve» 
ry Way ; it follows,” that when any one ap- 
proaches a Number of others, it not only te- 
pels thoſe which lie before it, in a right Line; 
but the reſt, laterally, according to their 185 


ſpective Situations: "that is, it makes them 


recede every Way from itſelf, as from a Gen- 
ter : and, this being true of every Particle, it 
follows, that the aforeſaid Tremors will be 
propagated from the ſounding Body in all Di- 
rections, as from 'a Center: And farther, if 
they are confined for ſome Time from | pread- | 
ing themſelves by paſſing through a Tube or 
the like, will, when they have paſſed through 
End in every 
Direction. In like Manner, thoſe which paſs 
through an Hole in an Obſtacle they meet 


with in their Ps will afterwards ſpread 


themſelves 
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themſelves. from thence, as if that was the 
Place where they began; ſo that the Sound, 
which paſſes through an Hole in a Wall, or the 
like, is heard in any Situation whatever, that 
is not at too great a Diſtance from it.  Some- 
thing analogous to this we may obſerve in the 
Motion of Waves upon the Surface of a Fluid, 
which are propagated equally through all 
Parts of the Surface in a Circle, though occa- 
fioned not by a circular, but reciprocal Motion 
and Agitation of the Finger, or any other Body 
in a ſtraight Line. 
Since the repulſive Force, with which the 
Particles of Air a& upon each other, is recipro- 
cally as their Diſtances; (Chap. 3. F. 10.) it 
follows, that when any Particle is removed out 
of its Place by the Tremors of a ſounding Body, 
or the Vibrations of thoſe which are contiguous 
to it, it will be driven back again by the 
repulſive Force of thoſe towards which it is 
impelled, with a Velocity proportionable to 
the Diſtance from its proper Place; becauſe 
the Velocity will be as the repelling Force. 
The Conſequence of this is, that, let the 
Diſtance be great or ſmall, it will return to 
its Place in the ſame Time; (for the Time a 
Body takes up in moving from Place to Place 
will e be the ſame, ſo long as the Ve- 
locity it moves with is proportionable to the 
Diſtance between the Places.) The Time there- 
fore in which each Vibration of the Air is 
. depends on the Degree of ** 
on 


of its Elaſticity ; becau 


Diſſert. r. Of Sound. 49 
ſion in its Particles : And ſo long as that is 
not altered, will be the ſame at all Diſtances 
from the tremulous Body; conſequently; as 
the Motion of Sound is owing to the ſuc- 
ceſſive Propagation of the Tremors of a ſound- 
ing Body through the Air, and as that Propa- 
gation depends on the Time each Tremor is 
performed in, it follows, that the Velocity 
of Sound varies as the Elaſticity of the Air, 
but continues the ſame at all Diſtances from 
the ſounding Body. 

And as the Velocity, with which Sound i | 
propagated, depends on the Elaſticity of the 
Air, ſo it does alſo on its Denſity; for when 
the Denſity of the Air is augmented, while 
its Elaſticity remains the ſame *, a great Num- 
ber of Particles will move forwards and back- 
wards in each Vibration; now, ſince we ſup- 


poſe the Cauſe by which they put each other 


41'S 1 to every one, how the ] 
of the Air can be augmented without a Vana Incre 
= ceteris paribus, the nearer the Parti- 


cles approach each . the ſtronger is the Action of their 


e Force. 


But it is to be conſidered, that when the Air becomes cold- | 


er, its Elaſticity is diminiſned, and then the Particles are 


, ou t cloſer together by the Preſſure of the Atmoſphere, 


wiz. ſuch as anſwers to the Preſſure they ſuſtain (C 


ey acquire an Elaſticity equal to what 120 had rl 
ap. 3. J. 12.) 


From hence we may infer, that the Propagation of Sound is 


* 
* 


ſlower in Winter than in Summer, when the Mercury in the 
S is at the ſame Height; for the Preſſure of the Air 
r ſame, its Elaſticity which depends upon it, is ſo tog; 
e Air is denſer by Reaſon of the 9 and therefore irs 
ae ſlower. | 


into 
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into Motion (viz. their Elaſticity,) the ſame, 
they will each receive a leſs Degree of Velo- 
city ; and ſo the Vibrations will be performed 
in a longer Time, whence the Succeſion of 
them will be ſlower, and the Progreſs of the 
Sound proportionably retarded *. 

Whereas the undulatory Motion of the Air, 
which conſtitutes Sound, is propagated in all 
Directions from the founding Body it will 
eng happen, that the Air, in perform - 

ing its Vibrations, will impinge againſt vari- 
ous Objects, which will refle& it back, and 
ſo cauſe new Vibrations the contrary Way; 
now, if the Objects are ſo fituated, as to re- 
fle& a ſufficient Number of Vibrations back 
(vis, ſuch as proceed en Ways) to the 


— 


with which 
Sound is = * re- ſhort Pendulum) to 


h to be determined eren), . Au- 
Aer ber wech © ob off many The moſt accurats Ob- 
ſervers, Dr. Halley and Dr. Durham, have found it 
one Thouſand one Hundred and Forty-two Feet, 
moſt a Quarter of a Mile, in a Second. 
r e that the Air is 
the Propagation of Sonnd, ils fach as thele. A 
ing put into the Receiver of the Air-Pump, — 
co le Diſtance before the Air is exhauſted out 
when the Air is much rarefied by exhauſting, can 
heard at all. When the Air is condenſed, the Sound is aug- 
mented in Proportion to the Condenſation. Theſe E 
do not only ſucceed in forced *Rarefaftions and C 
Bag is tack. alſo as are Natural ; Sound being ee th 
much weaker on the To ops of high gh Mountains, where the Ai 
is leſs condenſed by the Weight of the ces Sp 
than in the Valleys below. 
I ſame 


—BS R e 
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ſame Place; the Sound will be there repeated, 
and is called an Echos. And, the "greater 
the Diſtance of the Objects is, the longer will 
be che Time, before the Repetition ie heard. 
And when che Sound in its Progreſo mens with 


pe n Echo, the mie Sound will be! re- 
peated ſeveral Times ſucceſſiuely, acebording to 
the different Diſtances of thoſe Objects from 
the ſounding Body; which makes what's cal} 
ed a rp Echo. ; bailqqs: 20 

If the Vibrations of the wremulods! Body are - 
propagated through a long Tube, they will be 
cantinually' reverberated . the Sides of the 
Tube into its Axis, and by that means pre- 
vented from ſpreading, till they get out of it; 
whereby they will be — encrealed, 


and the Sound rentieted much louderithan it 


would otherwiſe be . Ger ai ung 

The Difference of Mufical/ Totes: depend 
owths: different Number of Vibrations com- 
municated to the Air, i in A a given, Time, by the 


Tremors 
- n 


# Park, near Or FOE) a Echo, 
2 ſeventeen Bong . Day, and W 
oy s Natural ry 6f 8 ae ay 
n hy it 1 * es kf, 
dale the the Ait, being 2 (bf Ne, ci 


= 
is 
= Bier Bhs atid ya. 35 Returu of the firft VibriBons b 
ing lower, gives Time for Tye" EL ace 


This is the Caſe in the $14 Tybe or org - 
e „ omg ee ace Lib 9, Par. 3. Jas 
p. P — | | ion 
vpon 


Tremors of the ſounding Body; and the 
quicker the Succeſſion of the Vibrations is, 
the acuter is the Tone, and e contra. | 
A muſical Chord performs all its Vibrations, 
whether great or ſmall, in the fame Time. 
For, if a String is ſtretched between two Pins, 
and a Force is applied to the middle Point, 
to draw it out of its rectilineal Situation; it 
is found by Experiment, that the Diſtance (if 
it be ſmall) to which it is drawn, is as the 
Force applied; conſequently the Velocity, 
with which it returns, when left to itſelf, will 
be as the Space it has to move over; it will 
therefore perform all its Vibrations in the ſame 
Time: This is the Reaſon why the ſame Chord, 
however ſtruck, produces the ſame Note. It 
is alſo found by Experiment, that when Strings 
of equal Diameters, but different Lengths, 
are equally ſtretched, the longer they are, ſo 
much the leſs Weights will draw them from 
their rectilineal Situation to the ſame Diſtance; 
Side 222 — Gallery to the op agony = nb by. 
ing progyed y thoſe who ſtand in the Middle. The Form of 
a Whiſpering Gallery is that of a Segment of a Sphere, or the 
like arched Figure; and the Progreſs of the Sound through it 
may be illuſtrated in the following Manner. 1 
ABC (Fig. 14.) repreſent the Segment of a Sphere; 
and ſuppoſe a low Voice uttered at D, the Vibrations 7 
ing themſelves every Way, ſome will impinge upon the Points 
E, E, &c. and from thence be reflected to the Points F, from 
thence to G, and ſo on, till they all meet in C; and by their Union 
there cauſe a much ſtronger Sound, than in any other Part of 
the Segment whatever, even at D the Point from whence 
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the Forces therefore by which they return 
are leſs, and the Times of their Vibrations 
longer. | 

When two Chords derte their" Vibra- 
tions in equal Times, the Tone produced is 
called an Uniſon. If one performs two, while 
the other one; tis an Ofave. If one three, 
while the other two; *tis a Fifth, If one 
three, while the other four; tis, called a 
Fourth, &c. 

To make an Unifon Sor: it is not neceſ- 
ſary, that the Vibrations of the two Strings 
ſhould” actually concur,” but only that they 
ſhould be performed in equal Times; ſo that 
they would always concur, if they began at 
the fame Inſtant. For the Far perceives not 
the ſingle Vibrations diſtinctly, but only finds 
that Difference, which proceeds from the In- 
72 af Tims, e | 


10 
110 
or 
ZHI 
1 


Bo- 

9 ne bee Vi wi f I Lo Bale 0s foam, 
the Vibrations of the Air, Which qi "FE to the Tre- 
mors of the firſt unding Yody, agreeing exaftly, in Point of 
Time, with thoſe, whi capable of being given to the 
other Body at Uniſon with it; when they have by their firſt Im- 
n of Motion to it, will, by 
1 conti- 

ſenſible con- 


g with it, as it moves forwards and 

wal E i Motion, till it becomes 
— * pens in Strings which are in Diſcord with each other; 
for ha this Ca Caſe, — the firſt Vibration of one may give 
Motion to the uot yet their Vibrations not being pe 
aſonably, i. e. when 
ns Motion. 
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ice, rr if the firſt be ſounded, 
om s xtreams of the other will each ſound an Uniſon with 


it, while the middle Point remains at Reſt. 80 if one vibrates 
_ thrice, while the other once, the laſt will be divided into three 
Tay qd ol ot ob ne IN 
Points between Parts will remain at For other- 
wiſe, that which vibrates twice, while the other once, maſt ne. 
ceſſarily interfere with it at every ſecond Vibration; and chat 
Which Lias thrice, while the other once, would | interfere 
with it at every third; - fo that i | wala not be put into à ſuffi- 
cient. Motion to reduce a Sound. But, when it oh hea 
by the quieſcent Points, it becomes ſo many Strings at Uniſon | 
with the former, each of which  eafily receives Rs Vibrations 
from thence, 

From hence likewiſe it 3s, that if W or hs 
drinking Glafles, and put ſome Water or other Fluid 3 * 
of them, a —— — taking Care * 

hts, - that (when ) their Tones 
be in =O 7 if we ſlide the Fin al the Brim 
of one bf the Glaſſes, prefling pretty et erer 
will cauſe it to ſound) we ſhall ſee the 
in the other Glaſſes begin to tremble ; 2 
Vibrations of the firſt Glaſs cauſe the in the . 
Uniſon with it; though not perhaps n ſufficient wa 


Fro ce a. Sound, firong enough to be 


ormer. 

Thus it is that ſome Perſons are able to break a ing 
«Glaſs by a Tone of their Voice at Uniſon with it. They 
ane. ot the G W then i 
Moa et new Ye bag of PRA e ne ow FE 

OICE, ; tis iets t a tremb contin 
raiſe their Voice, Gaadin ſtill che . 4 this es 
the Tremors of the Clas Which by that Means (if * is not 
too ſtrong] 8 ut . . Wl 2 

The of Mufic E Peron bis with the e l 
- the Accounts we have of it from Abroad may be ) is 
very ſurpriſing. . A Perſon, bit with the 8 ſome 
Time loſes both Se and Motion, n 5 of 
Help. The moſt effektual Remedy is 
"ries Vari 38 till he hits 5 e the Fa- 
tient, wha u that begins to move Degrees; ſt keeps 
lent with . Fingers, CO, Ns Ls 2 is vio- 

y agitated in every Part Ys leaps u 
35 to dance, Ann in W every „ bf 


bo 


3 t to 


very much fatigued, 
Bed, and left to ſweat. The next Day the ſame 
him out of Bed for a new Dance. To as . 


Dar dy ay . be t gh bp for 8 


off by Sweat, 8 Patient Bong to recover his 
and Knowledge by little and l | 7 
;_ AﬀcRted by the A, 


* 


The Reaſon why che Patient 4s 
becauſe the Nerves of his Body are ſo diſpoſed in that Diſtem 
, as eaſily to be agitated by the Vibrations which 
by the Principle and wg Nets of what Þ play. 
| See anthe 8 ubjet of thi Ne hiloſop 
No. 134, 234, 302 1 IS Hist. de T 
708. Grew's C . | 
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[DISSERTATION 1. 
Of Capillary 7; — | 


1 a Ce ly Tube is ; generally I” PR 
a Glaſs Pipe; the Diameter of whoſe 
ore 


is at 905 but about one tenth of an Inch; 
though any Tube whoſe Cavity does not ex- 
ceed that Magnitude, may be ſo called. 
The Phznomena of Capillary Tubes being 
ſuch as contradict a known Law in Hydroſta- 
tics, viz. that a Fluid riſes in a Tube to the 
ſame Height with the Level of its Source *; 
and likewiſe of Affinity with the Aſcent of the 
Sap through the Stems of Plants for the Nou- 
riſhment of their Fruit, and with divers other 
Operations of Nature: it has been thought 
no ſmall Moment in Philoſophy to find 
out and eſtabliſh their true Cauſe ; which af- 
ter numerous Experiments, and ſeveral Con- 
jectures about it, is found to be no other than 
the Attraction of Coheſion; by which ſmall 
Particles of Matter mutually adhere, together, 
and form larger Bodies +. I ſhall law down 


hy ; x Chap, I. 5. 9. Caſe 4. in the Notes, 


4 See Haukſber's and Powwer's Experiments. Mu chenbroeck 
4to Edit. Philoſoph. Tranſat. No. 355. Mem. te 
Si 1722, 1724. With others referr'd to in Queſti- . 


the 
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the ſeveral Phænomena, as ſo many Matters of 

Fact; and ſubjoin to each a Solution from that 

Cauſe. In Order to which, it may not be im- 
oper to pretniſe the fallowing, Confderatio 
by Way f Lemma. 

Let us ſu ppoſe the Veſſel ABCD 6 po 150 
filled with a Fluid to the Height LM. and 
jet it be conceived as divided. — the equal 
Portions EF SH, GHIK;/ IKLM. Sc. Par- 
ther, let it be ſuppoſed, that each Particle of 
Matter in the inner Surface. of the Veſſel, : has 
a Sphere of Attraction, whoſe eee 
is equal to the Bręeadth of three of thoſe Por- 
tions; that is to ſay, that the Attraction of 
the Particle M reaches upwards as far as F, 
and downwards as far as 8; and that of the 
Particle O, upwards as far as H, and down- 
wards as far-as - U; and ſo of all the reſt quite 
round the Tube. From hence it will follow, 
that every Particle of the inner Surface of the 
Veſſel, which lies between EF and RS; con- 
ſpires in endeavouring to raiſe the F Juid to- 
wards AB the Top of the Veſſel; and that 
the Fluid is not affected by any a For 
Inſtance, the Particle 8, and all below it, will 
attract downwards three Strata of the Fluid 
(ſuch as are contained in three equal Diviſions 
of the Veſſel) from above, and as many u 
wards from below; and therefore will Rabe 4 
Effect at all in raiſing or depreſſing the Fluid. 


But the Particle Q will attra& only two Strata 
downwards ; becauſe there are no more above 
| it, 
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it, and three upwards, and therefore will in 
ſome Meaſure tend to raiſe the Fluid; ſo the 
Particle O will attract but one downwards, 
and three upwards; the Particle M none down. 
wards, and three u pwards ; the Purtiele K two | 
' upwards, and fi on = g: el which ma 
clearly be ſeen Situations in the F wi 
with pony "the Surface of the Fiend. 
Therefore in every Veſſel, where there is a mu- 
tual Attraction between the Fluid it contains 
and the Particles of which it is compoſed, there 
will be a certain” Number of Partieſes diſpoſed 
around it in Form of a broad Periphery or 
Zone, as repreſented by AB; (og: 16.) half 
of which lies above the 8 of the Fluid, and 
half below it, and will tend to make it riſe to- 
wards the Top. This being underſtood, the 
following eee will not be difficylt®. 4 
„ 1 Rag; 25> ry 


Lg pen 
becauſe CES 
the Aſcent of the Fluid is — 1 a Zone or G 


Particles diſtended equally in Breadth boch ways from roy? 
face of the Fluid ; and becauſe it is upon We Beach of this, 
that ſome of the following; Solutions depend. As to 
"Thickneſs of it, that undoubtedly is equal to the Semidiam 
of the Sphere of Attraction in the Particles of the Veſlel ; and 
. therefore Veſſels, whoſe Sides are of different I hickneſſes (pro- 
vided thoſe Thickneſſes be leſs than that Semidiameter) muſt 
n the ſame Fluid, though no one has 
as yet been ſo accurate as to obſerve it. The Reaſon why a 
Fluid will- not riſe in a Veſſel, as well as in one that is 
Capillary, is becauſe the Attraction of its Particles does not 
reach far enough into the Middle of the Veſſel; and-there- 
fore it only riſes about the Sides, ſtanding higher than in the 


. Middle: as may be ſeen in a Drinking-Glaſs, when a W 


of Water is put into it, * 
1. Let 
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I. Let there be two Capillary" Tubes, AB 
and CD (Fig. 17.) open at both Ends; and 
having their Wer Ofißces, A und C, immer- 
ged below the Surface of the Water co 
in the Veſſel FGHI: The Water will ithtn& 
diately riſe up in each Tube above the Surface 
of that in the Veſſel, beginning with a ſwift 
Motion, which will gradually derreaſt; till 
as much Water has entered the Tubes, as t 

are able to raiſe: And the Heights to whi 
the Water will rife in them, wi de recipro- 
cally as their Diameter. 

That the Water vught to riſe ih both Tubes 
is an immediate Confoithings* of the foregoing 
Lemma; becauſe the Column of Water with- 
in the Tube is rendered lighter than an equal 
Column on the Outſide, as being attracted up- 
wards by a Portion of the interior Surface of 
the Veſſel; and therefore will riſe till it be- 
comes as much longer than the external ones, 
as it is made lighter ; that the guilibrium, 
which was deſtroyed by the Attraction of the 
Tube, may be reſtored by the Weight of the 
Column. Te Reæaſon that the Velocity with 
which it riſes, ought conſtantly to decreaſe, is, 
becauſe the heavier the Column is, the 5 is is 
the Effect of the Attraction, which is always 
the fame in a Tube of the ſame Diatneter. 
And laſtly, the Heights to which the Water 
riſes in them, will be reciprocally as their Dia- 


meters * then the 1 raiſed will be 
D. 8 * 
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directly as the Diameters ; but the Peripheries 
that raiſe. them, (being * of the ſame 
Breadth, and having their Lengths equal to the 
Circumfe rences of the T 1 are as thoſe Dia- 
meters; the Quantities of Water therefore, 
being in the ſame Ratio; are as the Peripherics, 
7 e. as the Cauſes by Which they are raiſed. 

II. If the Tubes, before they are immerged 
in the Water, are filled to greater Heights, 
than thoſe to which. it would. naturally. riſe in 
them; and then have their lower Orifices/im- 
merged | in Water, the Water will ſubſide. till 
it ſtands in each at the ſame. Height to which 
it would have riſen; but, if they are held in 
a perpendicular Poſition without being immer- 
ged, the Water will not ga in the Tubes 
quite ſo far. 

The Reaſon why the Water in the Tube, 
when i its lower Orifice is immerged, ſubfides 
to the ſame Height it would have riſen to, had 
the Tube been immerged when empty, is be- 
cauſe the Column is ſuſpended in one Caſe by 
the ſame Cauſe, by which it is raiſed in the 
other; but when the Tube wp of Water is 


this Caſe will be in a rae oe Ratio of the Diameters, and a 
direct one of the Squares of the ſame. No theſe two Ratio's 
being icompounded. together, give the direct one of the Dia- 
meters themſelves ; becauſe the ſimple reciprocal Ratio deſtro 
one of thoſe; which are contained in the direct one of 
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held erect, without being immerged, it will 

not ſubſide quite ſo far; Peu the lower End 

of the Tube, which the Water leaves behind 
it as it drops out,” attracts it thie contra 

Way; ſo that the Column i in this Caſe is ſuſ- 

pended, not only by the inner Surface of the 

ube at the Top, but alſo by its lower End; 
and therefore a greater 91 of Water is 

Hwipended than in the former Caſe. 

III. If a Tube, having its lower Orifice im- 
merged in Water; be held obliquely, it will 
raiſe the Water to the lame” Perpendicular 
Height, as when held erect. 

For ſince Fluids preſs eccehqilg* to their 
perpendicular Heights, the Weight of the Co- 
lumn raiſed will not be proportionable to the 
attractive Force of the Tube, till it has arrived 
at the ſame perpendicular Height, to to which it 
would have roſe, if held ereCt. - 

IV. If a Tube, when the Water i 83 in- 
toe to its wonted Height, is laid in an Hori- 
zontal Situation, the Water will move towards 
the Middle of the Tube, Leaving the End 
which was immerſed a little behind. 
The Solution of this Phænomenon depends 

on what was obſerved in the Lemma about 

the Breadth of the attradting Periphery, and 

its being equally ſituated on each Side the 
Surface of the Water; for from thence it fol- 
1 lows, that if the Water ſhould not run from 

the full End of the Tube, aſter it has laid in 
an eee Situation, but remain contiguous 

H 2 . 
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to it; that End of the 
be attracted only by 11 
phery as lies within it 
becauſe the End of tl 
the Surface, the othe 
is wanting. Whereas 
the Column, there i is a 
is entire; which 01 
cauſes the Water to m 
of the Tube, till as m 
hind, as can at once 
the Attraction of ;its 
the Water being attra 
remains at Reſt. 

V. Let there be 
ſiting of two Parts, D 
rent Diameters; it fol] 
ſaid, that DR the ſm: 
IS able to raiſe Water 
Let then the Height to 
raiſe” it, be TF, and 
rite in the lefler (was 
the Surface of. the Flu 
pound Tube be filled 
larger Grifice CK be 
Fluid, the Surface of t 
farther than XL; thi 
leſſer Part of the Tube 
But if the Tube be 

and the ſmaller Orifice 
Water will run out till 


the Height to Which 


Capillary Tubes. Part II. 


of the Column of Water would 
y by ſuch a Portion of a Peri- 
ithin its Surface at that End; 
d of the Tube coinciding with 
he other Half of the Periphery 
[hercas, at the other Bad of 
ere is a Periphery whoſe Breadth 
ich overpowering the other, 
er to move towards the Middle 
ill as much Periphery is left be- 
t once affect the Water by 
of zits Particles; after which 
5 attracted equally each way, 


E be a Tube (Fig. 18.) con- 
arts, DR and RCK, of diffe- 
it follows from what has been 
he ſmaller Part of the Tube, 
Water higher than the other ; 
eight to which the larger would 
7, and that to which it would 
r (was it continued down to 
he Fluid) be XL. If this com- 
e filled with Water, and the 
K be immerſed in the, ſame 
ice of the Water will ſink no 
L; the Height to which the 
> Tube would have raiſed it. 
übe be inverted, as in Fig, 19. 
Orifice XL be immerſed, the 
out till the Surface falls to TF; 
which the larger Part of the 

Tube 


Ih. 24: 
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Fin. rag. 
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Tube would have raiſed it. T 
lower Part making no Altes 
Height, at which the Fluid 1 
either Caſe. 

In order to account for theſ 
it muſt be conſidered, that whe 
diſpoſed, that its different Pat 
with different Degrees of Veloc 
er Proportion the Velocity of 
which a moving Power is ap 
that of the reſt; ſo much the 
is the Power in moving that B. 
known Caſe of the Lever, ane 
Mechanical Powers. 

Now let us conceive the T 
18.) continued down to HI, 
ſuppoſed at preſent that the F. 
in the Tube XLHI, and the 
XLEKC, are not ſuſpended by. 
at L, but that they preſs upon; 
Baſes, HI and CK. Let it Th 
that theſe | Baſes ate each of th 
and that they are raiſed up or | 
equal Velocities; then will the 
which XL the uppermoſt Stratur 
XLCK moves, exceed that of the 
conſidered as the uppermoſt of t 
Tube XLHI, as much as the 
is wider than DR (by the Len 

9.) that is, as much as the 
Lake XLIH ; conſequently 
obſerved / in the foregoing}. P 
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it. The Size of the 
Alteration in the 
Fluid is ſuſpended in 
or theſe Phænomena, 
at when a Body is fo 
nt Parts ſhall move 
Velocity, the/great- 
city of that Part to 
is applied, bears to 
h the more ectual 
that Body: As is the 
, and all the other 


the. Tube, DR (Fig. 
9 HI, and let it be 
| the Fluids contained 


vill the Velocity with 
Stratum of the Fluid 
t of the ſame Stratum, 
oſt of the Fluid in the 
as the Tube RCK 
the Lemma,. Chap. I. 
is the Space MNKC 
nently by what _ 
ing Paragrapb, tl 

. mt * 2 
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Effect of the attracting Periphery XL, as it 
acts upon the Fluid contained in the Veſſel 
XLC K, | exceeds' its Effect, as it acts upon 
that in XLHI, in the ſame Proportion. 
Since therefore it is able (e Hypotb.) to ſuſ- 
tain the Weight of the Fluid XLHI by its 
natural Power, it is able under this Methank. 
4 Advantage, to ſuſtain the Weight of as 
much as would fill the Space MNKC: But 
the Preſſure of the Fluid XLCK is equal to 
that Weight, as having the ſame: Baſe and 
an equal Height (Chap. T. $. 9) its Preflure 
therefore, or che Tendency it has to de- 
ſcend in the Tube, is equivalent to the Power 
of the attfacting Peri phery — I 
bn dang v7 be faſpend (91 
Again, the Hei . Bi. een * which 
the attructing Periphery 

the Tube is able an the Fir) is & 
greater than NF, that to which it would have 
raiſed it, had the Tube been continued down 

to MN. For here the Power of the attract- 
ing Peripher: acts under a like Mecbanicul 
Diſadvantage; and is thereby diminiſhed in 
Proportion to the Capacity of the Tube TFNM 
to that of HIXL; becauſe, if the Baſes of 
theſe Tubes ate ſuppoſed to de moved with 
equal Velodities,' the Riſe or Fall of the Sur- 
face of the Fluid TFXL, would be ſo much 
leſs than that of TFMN. And, whereas 
the attracting Periphery TF is able by its na- 


fural Power to — the Fluid only to the 
29 | Height 
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Height NF in the Tube TFMN; it is in this 
Caſs able to ſuſtain. no greater Preſſure than 
what is equal to the Weight of the Fluid in 
the Space HIXL: but the Preſſure of the 
Fluid 'TEXL, which has equal Height, and the 

ſame Baſe with it, is equal to that Weight; 


and therefore is _ Pore to __ 85 


tracting Power. 
VI. From —— we. may * Ge — 
Reaſon,” why a ſmall Quantity of Water put 
into a Capillary Tube, Which is of a Conical 
Form, — laid in an Horizontal Situation, 
will run towards the narrower End. For let 
AB (Fig. 20.) be the Tube, CD a Column 
of Water contained within it; when the Fluid 
moves, the Velocity of the End D will be to 
that of the End 85 reciprocally 
of the Tube at D, to that at C (by the Len- 
ma, Chap. 1. f. 9.) that is, reciprocally as the 

Square of the Diameter at D, to the 


riphery at D is to that at C, in the ſimple Ra- 
ik the Diameter at D, to the Diameter ar 
C. Now, ſince the Effect of the Attraction 
depends, as much upon the Velocity of that 
Part of the Fluid where it acts, as upon its 
natural Force, its Effect at D will be greater 
than at C; for though the Attraction at D 
be really leſs in itſelf — at C, yet its Loſs 
. Force pen An Ae is more than 
199 112 974 104 16 wii 

mn ſaci *) 911 1 a 5700 1 0 '> . * 


— 


* 
2 . 
4 1324 * 
. 1 — 


ag the Cavity 


of the Diameter at C * but the attracting Pe- 


uin the Veſſel, 
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„ by the mechanical Advantage it 
has ariſing from hence, vis. that the Velocity 
of the Fluid in that Part is greater than it is 
at C, in a greater Proportion than the Force 
ieſelf is leſs: nn Fluid _ therefore move 
towards B. 
VII. Prom e Ukewile it bow 420 
if a Veſſel, as ABC (repreſented Fig. 21.) of 
any Form whatever, have its-upper Part drawn 
out into a Capillary Tube as B; and if this 
Veſſel is filled with Water, and have its lower 
Orifice placed on FD the Surface of the ſame 
Fluid ; then the Water will remain ſu 
provided the Capillary at the 
Top be ſmall "enough (was it — down 
to the Bottom) to raiſe the Fluid to the Height 
B. Becauſe, by ion the fifth, the 
lower Part of the Tube makes no Alteration 
in the Height, at which the Capillary B is able 
to ſuſtain the Fluid, 
VIII. And if the fame Veſſel be filled only 
to the Height DER (Fig. 22.) and à Drop of 
Water be put into the Capillary at B, the in- 
termediatè Part BDE being full of Air) the 
Water will continue ſuſpended at he Helght 
DE. 
For, although the Fluid ACDE * not in 
Contact with the Drop of Water in the Ca- 
pillary Tube, and therefore not immediately 
ſupported by it; yet the Preſſure of the At- 
moſphere upon the Surface FG, and againſt the 
is ah Part of the Drop in the —_— 'B, 


* 
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ceps the Fluid ADEC, and the Drop, and the 
— * Air from ſeparating, juſt as in 
the former Caſe the Attraction of Coheſion 
in the Particles of the Water prevented 
Separation between that in the. Veſſel 8 
that in the Capillary. Conſequently, as the 
Water in the Capillary was able in the ſormer 
Caſe to ſuſtain as much Fluid as the Veſſel 
could contain, it js now ſufficient to ſuſtain the; 
Fluid ADEC®. _ 

IX. Let there be à Capillary Siphon, as, 
that repreſented, Fig. 23, 24 or 2 5, and let EF: 
be the Height, to which Water might be raiſed, 
by a Periphery ual to that at A. Now, ſince. 
(as age Hy 2.) the lower End of a Tube 
when it is not immerged,. cauſes à longer Co- 
10 to be ſuſpended than otherwiſe would. 

be; that is, it 00 ports a ſhort Column beſides 
that which is ſulfeed by the nene Peri- 
phery; let HI be the Height of ſuch a Co- 
umn as might be faſpended by. the nd C: 
then, if any of thoſe Tubes are filled with 
Water, and held as in the Figure (neither End 
being immerged}. the Fluid will run out of 
the Tube at C, if CD. the Düne of the 


F * This ha quite otherwiſe in Vacus, becauſe the Pref- 
ſure of the Air, which, as it were, conneQts the Drop with the 
r being wanting, it immediately fall for Want 
of a Su " Whereas the former Phanomenon equ: * 2 

in 


ie » Fc - 


"i we OB, 0s i r 


CAS» 


8 OS 


68 * Of Capillary Tubes. Part II. 
Legs exceeds EF and Hl added together, 
other wiſe not. 
For the Column aB is a Counterpoiſe to 
BD, being of the ſame perpendicular Height; 
and therefore it is only the Weight of the Co- 
lamn CD, which determines the Fluid to move; 
unleſs that Weight therefore exceeds the Force, 
the attracting Periphery at A (Which the 
Fluid AB muſt leave in riſing up the Tube) 
and alſo what: may be ſupported by the End 
C, that is, Tex Hypoth.) two Columns whoſe 
Heights are EF and HI, it cannot run out at 
e otherwiſe it will, as being deſtitute. of a 
ficient Sup 5 
X. If the 25 A is immerged! in Water, 775 
3 46 not (fuppoſing the Tube full as be- 
"twill ruh out at C, thoug h CD the 
Piff fene bf 14 Legs, only 82805 HI. Fot 
then the Attraction 1 A ceaſes, and there is 
. 1 fo fup pport the Colump CD, but the 
| 10 e oy has to e P from 
1 t 2 an TL 
oh ig. Ain ar the Ed * js immerged ir in 
Wa: 650 Is ofher Hot). it will run out at 
If c eh E. otherwiſe not. 5 
7 in this Caſe, there is nothing to ſup 
z Column 5. but the 5 9 Reken | 
at A, Whöoſe Power is ſuppoſed able to raiſe a 


FE Column a EP, and no more. 


II. And, if both Ends are . (ihe 
Tube being ſuppoſed full as before) the Water 
will run out at ; the lower, which ever it 1s. 
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For then the Attraction of both Ends ceaſes; 
and the longer Column over-balancing the 
ſhorter, the Fluid is determined HERD. to run 
out at the lower End. . 

XIII. If either of the Tubes (Fig. 23 or 24) | 
are ſmall enough to raiſe the Water from A to 
B, and if the Ocifice A is immerged, the Fluid 
will riſe to B, paſſing on tb C, where it will 
run out or be ſuſpended according to the fore- 
going Caſes: but if the Periphery at & (Fig. 
25.) is ſuch, as would ſupport a Column of 
the Length of AM only, and if * Tube be 
filled from A to G (the Extremity A. being 
ſtill immerged as before) the Liquor will. pro- 
ceed no farther, but remain in the Poſition i 2 
which it is put. 

For that Fluid which has paſſed B aſſiſts by 
its Weight the attracting Periphery in raifing 
the Column AB, and W e it rays down'to | 
C. But, it. when the Tube is filled to G, the 
Periphery there is not able to ſupport more 

than AM the Difference of the Legs AB and 
BG, the Fluid muſt nęceſſarily ſtand there; 
fince BG is no more than A Counterpo iſe" to 
MB, and AM, is. ſuppoſed to be as. Loch = 
the! Periphery at G can ſuſtain; 

XIV. "Tho! a Capillary Tube be ſhorter has 
* Height to which its attracting Periphery i is 
able to Taiſe a Fluid, v. g. tho” the Tube AB 
(F:g..26,) be-ſmall enough (was it of ſufficient 
Length) to raiſe Water as high as C; yet 


W the End A is immerged, the Fluid will 
* | I 2 | - = 
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not run dot at B, but only be ſuſpended at 
that Height. 

For when the Fluid is riſen as high as B, 
it has then no more Periphety above it, to at- 
tratt it any farther ; and if it was forced up a 
little above the End, it would be ace 
back again by it“. 

XV. The Aſcent of different Fluids in the 
fame Tube is various. Muſſchenbroek has found, 
that in a Tube in which Water will riſe to 
the Height of twenty-ſix Lines, Oil of Worm- 
wood will riſe but eighteen or nineteen, where- 
as Urine will riſe thirty-three or thirty-four. 


a, . Hinds we forthe Ablurtity of ſuppoſing ha 4 Mkt ivy 
be made continually to flow from a lower Place to an higher 
y Tube,” [4 ſuch; for whether 1 wager 
is repreſen 23, 24, 25, Or 2 

—_ 1 \comes e End ; becauſe the 


ortths erin bv its Motion ; and 
the Weight of the n+ Had, if ube is ſtraight, — 
ſo much as is eosernel in DC, the Difference of the Legs, 
it be creoked, is likewiſe an Impedim ent in it. f 

- Henee alſo the Abſurdity of pong Fi to circulate by 
Virtue of a ary Tabs as ſu or ſuppoſe the Ends 
Pe vt together, ſo that the Tube ſhall 


2 
ab; 
* 
& 
8 
Zs 
1 
g. 
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2, 
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FN 


n ee 
5. 6. and will reſt there; if it be full, 


tremities of the Fluid EO EIS 
ities o join, is no Peri or Zone 
of Particles lying foe" of the 1 Argh v pr and 
conſequently all or Cauſe of Motion, ſo far as it ariſes 

taken away. And 


| the Tube being capillary, is entirely 
+5 of the Tube capillary, and Part not, the Caſe is. 


the ſame. How ridiculous: then is it to affirm, as ſome have 
done, that the Circulation of the Animal Fluids is 


E eee * flow, being of thr 
The 
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The Reaſon of which is, becauſe ſome Fluids 
are attracted more ſtrongly by Glaſs, than 
others are. Mercury exhibits Phenomena juſt 
the Reverſe of the former; for if the End of a 
Capillary Tube be immerſed below the Surface 
of that Fluid, it will not (riſe in the Tube to 
a Level with that on the Outſide. This is 
becauſe the Particles cf Mercury attract 
other more he. ? than Mi are 


WI 


treated on this Subject, are Boyle Exper. Phyf. Mech. Exp. 9. 
. 8. n e Bb Abe, 
, Obſer. 6. Leerwenhoek Continuat. Arcan. Nat. Epiſt. 

131. SST. F 
: 


Sinclairs Art. Gravit. 


| 
| 
| | 


— a DS ET CC 


+5 144 


— 4 2 the « Orig 71 bunu. * 


* The n n bunu. en II. 


SO 
bin 2 ti | Sh 


% 


M AN Y have been the Cz of 


Philoſophers concerning the Origin of 
ountains ; and great Pains have been taken 
both by the Members of the Royal Society, 


and thoſe of the Academy of Sciences at Paris, 
in order to aſcertain the true Cauſe of it. It 
Was ARIsToTLE's Opinion, and held by moſt 
of the antient Philoſophers after him, that the 
Air contained in the Caverns of the Earth, 
being condenſed by Cold near its Surface, was 
thereby changed into Water; and that it made 


its Way through, where it could find a Paſ- 
ſage. But we haye no 2 of any ſuch 
Tranſmutation of Air into Water | 


» Thoſe who imagine that Fountains owe 
their Origin to Waters brought from the Sea 


by ſubterraneous Ducts, give a tolerable Ac- 


count how they loſe their Saltneſs by Perco- 
lation as they paſs through the Earth; but 


find great Difficulty in explaining by "what 
Power the Water riſes above the Level of the 
Sea, to near the Tops of Mountains, Where 


. -Springs generally abound; it being contrary 


to the Laws of Fydroſtatics, that a Fluid _— 
_ riſe 


* 
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riſe in a Tube above the Level of its Source: 


However, they have found two Ways, where- 
by they endeavour to extricate * themſelves | 


from this Difficulty. © The one is that of 


Ds CARTEs, who imagines, that after 


the Water is become freſh” by Percolation, 
it is raiſed out of the Caverns of the Earth 
in Vapour towards its Surface; where meect- 
ing with Rocks near the Tops of Moun- 
tains in the Form of Arches or Vaults; it 


ſticks to them, and runs down their Sides, | 


(like Water in an Alembic) till it meets 
with proper Receptacles, from which it fup- 
plies the Fountains. Now, this is a mere 


Hypotheſis withou Foundation or Probabi- 
lity; for in the firſt Place we 125 of no 
internal Heat of the Earth to cauſe ch 


an Evaporation; or if that were allowed; 
'tis quite incredible, that there ſhould be any 


Caverns © Tooth: and void” of Protube- 
| rances, as to anſwer the Ends of an Alembic, | 
in collecting and condenſing the Vapouts to- 


gether, in every Place where Fountains ariſe. 
There are others (as VARENIUs, Sc.] who 
ſuppoſe that the Water may riſe through the 


Pores of the Earth, as through Garne a 


Tubes by Attraction; but hereby th 


that' they are quite unacquainted - with 1 þ 


relates to the Motion of a Fluid through ſuch 

Tubes. For when a Capillary Tube opens in- 
to a Cavity at its. upper End, or grows * 

an 


ö 
| 
| 
| 
| 
| 
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and larger, ſo as to ceaſe to be Capillary at 
that End; the Water will not aſcend 4 
that Tube into the Cavity, or beyond where 
the Tube is Capillary ; becauſe that Part of 
the Periphery of the Cavity, which is partly 
above the Surkace of the Water, and partly 
below it, is not of the Capillary Kind. Nay, 
it the Cavity I "applied with 
Water, it will be attracted into the- Capil- 
lary obe, and run down it, as through a 
Funnel, if the lower End is immerged in 
the ſame wrath as.in this, Cale it is ſuppoſed 
n | 
= has been A "cenerally- ed Opinion, 


and much eſpouſed by MaxzxioTrtsE (a 


diligent. Obſerver of Nature) that the Riſe 


„ of. Springs is owing, to the Rains and melted 


Snow. According to him, the Rain-Water, 

which falls upon the Hills and Mountains, 
penetrating the Surface, meets with Clay or 
Rocks. contiguous to each other, along which 

it runs, without being able to 7 them, 
till being got to. the Bottom af the Moun- 
tam, or to a. conſiderable Diſtance from the 
5 70 it breaks 75 of he Ground. and forms 


ngs.; 
In Order to. examine this. Grade Mr. 
PrazAULT, Dr ra Hir, and D. Spre- 
AU endeavour d to make an Eſtimate of 
of ST A and Snow, that falls * 


* See the foregoing Dillrtaton SeR. 14. 
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the Space of a Lear, to. ſee whether it would 

be ſufficient to afford a Quantity 
AY to that which is annually diſcharged in- 
to the Sea 
whoſe Inquiries was, that the Quantity of 
Rain and Snow which fell in a Year into a 
_ Cylindrical - Veſſel, would fill it (if ſecured 
from evaporating) to the Height of about 
nineteen Inches. Which Quantity D. SIDE 
LE AU“ ſhewed, was not ſufficient to ſup- 
BY = Rivers; for that thoſe of England. 


eland, and Spain diſcharge a greater Quan- 


tity of Water annually, than the Rain, ae- 
EM to that iment, is able to ſup- 
** 


des which, another Obſervation was 
made by them at the ſame. Time, ws. that 
the Quantity of Water raiſed in Vapour- one 
Year with another, amounted to about Thirty- 
two Inches, which. is thirteen more than falls 
in Rain: A plain Indication, that che Water 
of Fountains is nat (applies. by: Rains and 
melted Snow. . 
Thus, the true Cauſe of the Origin of 
Fountains remained undiſcovered, till Dr. HA 
LEV in making his Celeſtial Obſervations upon 
HE 8 ob che Mountains at St. Helena, about 
undred Yards above the Level of the 
3 that the Quantity of Vapour. which 
Fell there (even when the Sky was clear) was 


re, Memoirs of the Royal Academy of S for th Year 
2 T K l 5 ſo 


of Water, 
by the Rivers. The Reſult f 
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ſo great that it e er his Ob- 

ſervations, by covering his Glaſſes with Water 
every half Quarter of an Hour; and upon that 
' attempted to determine by Experiment the 
Quantity of Vapour, exhaled from the Surface 
of the Sea, as far as it rifes from Heat; in 
order to try, whether that might be a ſuffi- 
cient Supply for the Water continually diſ- 
charged by Fountains. The Proceſs of his 
Experiment was as follows, He took a Veſſel 
of Water ſalted to the ſame Degree with that 
of Sea- Water, in which he placed a Thermo- 
meter; and by means of a Pan of Coals, 
brought the Water to the ſame Degree of 
Heat, which is obſerved - to be that of the Air 
in our hotteſt Summer: This done, he affix- 
ed the Veſſel of Water with the Thermome- 
ter in it, to one End of 4 Pair of Scales, and 
exactly counterpoiſed it with Weights on the 
other. Then, at the End of two Hours, he 
found by the Alteration made in the Weight 
of the Veſſel, that about a fixtieth Part of an 
Inch of the Depth of the Water, was gone off 
in Vapour ; and therefore in twelve Hours, one 
tenth of an Inch would have gone off, Now 
this accurate Obſerver allows the Mediter- 
ranean Sea to be forty Degrees long, and four 
broad; (the broader Parts compenſating for 
the narrower ; fo that its whole Surface is one 
Hundred and fixty ſquare Degrees ;) which ac- 
cording to the Experiment muſt yield at leaſt 
five Thouſand, two Hundred and eighty Mil- 
73 N or lions 
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lions of Tons of Water. In which Account, 
no Regard is had to the Wind, and the Agi- 
tation of the Surface of the Sea 3 both which 
undoubtedly promote the Evaporation. | 

It remained now, to compare this Quantity 
of Water, with that, which is daily conveyed 
into the ſame Sea, by the Rivers. The only 
Way to do which, was to compare them with 
ſome known River; and accordingly he takes 
his Computation from the River Thames, and 
to avoid all Objection, makes Allowances, 
probably greater, than what were ane, : 
nece 
| »The Mediterranean. receives the Ag 
conſiderable Rivers, vi. the Berus, the Rhone, 
the Tibur, the Po, the Danube, the Nieſter, | 
the Boriſthenes, the Tanais, and the Nile. 
Each of theſe he ſuppoſes to bring down ten 
Times as much Water as the Thames; whereby 
he allows for ſmaller Rivers, which fall into 
the ſame Sea. The Thames then he finds by 
Menſuration to diſcharge about 20, 300, oo 
Tons of Water a Day. If therefore the above- 
ſaid nine Rivers yield ten Times as much 
Water as the Thames doth, it will follow, 
that all of them together yield but 1827 Mil- 
lions of Tons in a Day; which is but little 
more than one Third of what is proved to be 
raiſed in Vapour out of the Mediterranean 
in the ſame Time. We have therefore from 
hence a Source abundantly fi ſufficient for the ö 
Wie of Fountains. 

K 2 Now 
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No having found, that the Vapour exhaled 
from the Sea, is a ſufficient Supply for the 
Fountains; he proceeds in the next Place to 
conſider the Manner in which they are raiſed; 
and how they are condenſed into Water 
again; and n den to the rn of 
Springs. | 

In order do Md he evidGders; "that, if an 
Atom of Water was expanded into a Shell 
or Bubble, ſo as to be ten Times as big in 
Diameter as when it was Water, that Atom 
would become ſpecifically lighter than Air; 
and therefore would riſe ſo long as the Warmtn 
which firſt ſeparated it from the Surface of 
the Water ſhould continue to diſtend it to 
the ſame Degree; and conſequently, that Va- 
pours may be raiſed from the Surface of * 
Sea in that Manner *, till they arrive at 

tain Height in the Atmoſphere, at whic che 
find the Air of equal ſpecifie Gravity with 
themſelves. Here they will float, till being 
condenſed by Cold, they become ſpecifically 
heavier than the Air, and fall down in Dew, 
or being driven by the Winds againſt the Sides 
of Mountains, (many of which far ſurpaſs 
the uſual Height to which the Vapours would 
of themſelves aſcend) are compelled by the 
Stream of the Air to mount up with it 
to the Tops of them; where being conden- 
ſed into Water they preſently VB and 


* Ses this conf td in Diſration6. - 
y 8 gleeting 
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gleeting down by the -Crannies of the Stone, | 
Part of them enters into the Caverns of the 
Hills; which being once filled, all the Over- 
plus of Water that comes chither, runs over 
by the loweſt Place, and breaking out by the 
Sides of the Hills, forms fingle Springs. Many 
of theſe running down by the Valleys between 
the Ridges of the Hills, and coming to unite, 
form little Rivulets or Brooks: Many of theſe 


again meeting in one common Valley; and 
gaining the plain Ground, being grown Tefs 


rapid, become a River; and many of "theſis 


being united in one common Channel, make 
ſuch Streams as the Nine and the Danube; 
which latter, he obſerves, one would bardly 
think to be a Collection of Water condenſed 
out of Vapour, unleſs we confider how vaſt a 
Tract of Ground that River drains, and that 
it is the Sum of all thoſe Springs — — 
break out on the South Side of the 
thian Mountains, and on the North Side of 
the immenſe Ridge of the Ape; which is one 
continued Chain of Mountains from ny” 
land to the Black-Seg. 
Thus one Part of the 3 which are 
blown on to the Land, is returned by the Ri- 
7 vers into the Sea, from whence it came; ano» - 
N — Part falls into the Sea before it reaches 
the Land; and this is the Reaſon, why the 
Rivers do not return ſo much Water into 
the Melirerrantan as is raiſed in Vapour. 
4 — Part falls an the Low- Lands, and = 
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the Pabulum of Plants, where yet it does.not 
reſt 3, but is again exhaled in Vapour by the 
Action of the Sun, and is either carried by 
the Winds to the Sea, to fall in Rain or Dew 
there, or elſe to the Mountains, to beznen 
the Sources of Springs. 7 
However, it is not to be ſuppoſed, that all 
Fountains are owing to one and the fame 
Cauſe; but that ſome proceed from Rain and 
melted Snow, which ſubſiding through the 
Surface of the Earth, makes its Way into cer- 
tain Cavities, and thence iſſues out in the Form 
of Springs; becauſe the Waters of ſeveral are 
found to increaſe and diminiſh in Proportion to 
the Rain which falls: That others again, 
eſpecially ſuch as are ſalt, and ſpring near the 
Sea-ſhore, owe their Origin to Sea- Water 
percolated through the Earth; and ſome to 
both theſe Cauſes: Though without doubt 
moſt of them, and eſpecially ſuch as ſpring near 
the Tops of high Mountains, receive their 
Waters from mam as before Flein ed 11 
's There it a certain Spocies which ebb and flow 
alternately, and ſome that PE to 455 12 a Time, which from 
thence are called reciprocating or intermitting ones. Their Re- 


ciprocations may be for in the followin | 
Let ABC repreſent one Side of an Hill in w Mit dee is a 


Cavity DEF, and from this a ſubterraneous Duct IKL. Now 
as this Cavity fills with Water (ſu 4 hp from Vapours 

lating through the Surface of the Hi or in any Ka 
whatever) its Surface will riſe in the Du as it does in che Ca. 
vity, till it arrives at M, the Level with the upper Part of the 
Duct; at which Time it will run over at K, filling KLA the 
other Part of the Duct. Now, if the perpendicular Height of 
the Point K above L (or rather above A) be greater than its per- 
* pendicular 


J. 3 
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Height above I, the Column KLA will iſe the 
olumn KI, and fo cauſe the Water to run out at A, till its 
Surface in the Cavity ſinks as far as I, (provided the Du is 


' enough to convey the Water away —_— a 
Cavity) at which Time the _— 
the Surface of the Water in the Cavity riſes . 
runs over at K as before. The Reaſon why the — 5 
running (when the Duct is once full) til ies Surface finks to I, 
is becauſe the Air preſſing againſt it as it runs out at A, 
and alſo upon its Surface in the Cavity, keeps the Du full, 
as lon ö is high enough to feed 
— at 


See more on this Subject in Philoſoph. Tranſat. No. 11 
189, 192, 384, 424. Hiſtoire de Acad. 1693, 1703, 54 
Gulielmini della Natura de Fiumi. Dale's Hiſtory Hareich, 
Marriotte's Hydroſtatics. Niewwentyt Contempt. 19. Farenius 
Geograph. Cap. * Regnault, Vol. 2. Converſat. 6. Hals 
Statical Eſſays, 19. Micholettus in Append. 
ad J. Bernoulli *y Efery 
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DISSERTATION IV. 
Of the Barometer. 


N treating of the Properties of the Ait 

(Chap. III.) I have already taken No- 
tice of the Conſtruction of the common Ba- 
rometer; and proved, that the Aſcent and 
Suſpenſion of the Mercury therein, is owing 
to the Preſſure * of the Air. I proceed now 
to a more particular Inquiry into the Ori- 
ginal, and Uſe of- this Inſtrument; and the 
different Forms under which it has appeared, 
ſince the Time of its Inventor Torricelli. 


1 


To ſay the Aſcent and Suſpe of the Mercury is owing, 
to the Preſſure and Elaſticity of the Air, as is commonly done, is 
inaccurate. The Variation, indeed, inthe Height of the er g 
may be aſcribed to the Elaſticity of the Air, but no otherwiſe, 
han as to its remote Cauſe ; wiz. as it occaſions an Alteration in 
the Quantity of Air, impending over the Place where the Varia- 
tion happens; which alters its Weight, and ſo the Mercury is 
2 raiſed or depreſſed. To illuſtrate this, let it be 
uppoſed, that the Air is every where in Æguilibrio, quite round 

Globe, and at perfect Reſt ; and then, that its Elaſticity, in 

e one Place near the Surface of the Earth, is augmented by the 
Heat of the Sun, all the reſt of it remaining as before. The Con- 
ſequence of this will be, that the ſuperior Part of the Atmoſphere, 
over this Place, will be raiſed higher by the Expanſion of the 
inferior Air; and therefore, being unconſined, will ſpread at(elf, 
every way, over the neighbouring Columns, which we ſuppoſe 
to retain their former State. The Quantity of Matter there 
fore in thoſe Columns of Air, in whoſe lower Parts its Elaſticity 
was increaſed, will be n and that of the neighbouring 
7 "7 | th | ones 


| * 
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In the Beginning of the laſt Century it was 
a prevailing Opinion among Philoſophers, that 
the Univerſe was full of Matter ; and that Na- 
ture (as they expreſſed it) abhorred a Vacu- 
um : Accordingly they imagined, that if a 
Fluid was ſucked up a Pipe with a ſufficient 
Force, it would rife to any Height whatever; 
{ſince Nature would not ſuffer any, Part of the 
Pipe to be empty. Galilzo, who flouriſh- 
ed about that Time, found upon Trial, that 
the common Pump would not raiſe Water, 
unleſs the Sucker reached within three and 
thirty Feet of its Surface in the Well + : From 


ones augmented, A Barometer therefore placed in thoſe Regions, 
where the Air was rarified, will ſubſide; while one in the neigh- 
bouring Countries will aſcend ; and they will continue at different 
Heights, till the denſer Air, ruſhing in upon the rarifed, reſtores 
the A quilibrium.. Thus we ſee, the Variation of the Air's Elaſ- 
ticity is not the /mmediate Cauſe of the Variation in the Barome- 
ter; it firſt affects the Weight of the Air, by altering the Quan- 
tity incumbent over any Place, and that affects the Barometer. 
But, if we may have Recourſe to remote Cauſes, we may, if we 
pleaſe, go one Step farther ; and ſay, the Aſcent and Suſpenſion 
of the Mercury is owing to the Heat of the Sun; for by the 
foregoing Inſtance, a * 

2 be the occafion of a Variation in the Height of the 

ercury. e 

13 Neither is the Sufpenſion of the Mercury, in a Tube, that is 
kept within Doors, to be aſcribed to the Elafticity of the Air; for 
that exerts no Force, but as the internal Air is preſſed by the exter 
nal, which endeavours to get in, where-ever it can find a Way. 


It is a common Notion, that a fucking Pump will not raife 
Water above thirty-three Feet, whereas it will raiſe it to any 
Height whatever, if the Sucker reaches within thirty-three Feet of 
the Eurkace of the Water ; as will be evident to any one that con- 
fiders the Structure of the Pump: For all the Water, which has 


\ 


ariation in the Height of the Sun may . 
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hence he judiciouſly inſerred, that a Column 
of Water thirty- three Feet high was a Coun- 
terpoiſe to a Column of Air of an equal Baſe, 
whoſe Height extended to the Top of the At- 
moſphere ; and that, for this Reaſon, the Wa- 
ter would not follow the Sucker any farther. 
Torricelli, obſerving this, took the Hint; and 
conſidered, that, if a Column of Water, of 
about thirty-three Feet, was equal in Weight 
to a Column of Air, of the ſame Baſe 5; a 


once paſſed through the Valve in the Sucker, is ſupported by 
that, as the Sucker is drawn up, and as the Sucker is let down it 
er with the Water between that and another placed in the 
Pump below, is ſupported by that other; ſo that the Height of 
the Water above. the Sucker can be. no Impediment to the 
rifing of the Water below the Sucker, whatever the of 
the Solumn, which it forms, may be. The placing one 
above another, where Water is to be raiſed from great Depths, is 
rather for Strength and Conveniency, than out of Neceſlity. - 


{ Perhaps it may be enquired here, how it comes to paſs, that 
the Column of Air, which preſſes upon the ſtagnant Mercury in 
the Baſon, is always ſuppoſed to have an equal Baſe with the ſuſ- 
pended Column in the Tube; whereas, in Reality, its Baſe is 
equal to the Surface of the ſtagnant Mercury. The Reaſon is, 
that, as the Baſe of the Column of Air increaſes, in the ſame Pro- 

rtion the Velocity, wherewith it deſcends, decreaſes, when it 

orces down the Surface of the Mereury in the Baſon ; conſe- 
quently its Moment, or Preſſure upon the Surface of the ſta 
Mercury (fo far as it relates to the ſuſpending of it in the . 
is no greater, than it would have been, had its Baſe been eq 

to oo 74 7 ſuſpended Column; and e, in V! 
it as ing a Fluid in a Tube, it is propetly enou i 
to be a Columt of fach a Baſe: *. gh 2 

Neither is this Suppoſition inconſiſtent with the ninth ng or 
tion of the firſt Chapter, where it is demanſtrated, that the Preſ- 
ſure of a Fluid is in Proportion to its perpendicular Height, and 
the Quantity of Surface, againſt which, it preſſes. For, as the. 
Surface of the Mercury may be conſidered ag a Baſe on which the, 

M 2  Colhump, 


| 
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Column of Mercury, no longer than about 
twenty-nine Inches and a half, would be ſo too; 
ſuch a Column of Mercury being as heavy, as 


thirty-three Feet of Water. Accordingly he 
tried the Experiment in a Glaſs Tube (in the 
Manner laid down, Chap. III. 5 10 and 
found it to ſyceced 2. The Apparatus he made 


Uſe 


Column of Air reſts, {6 the Baſe of the Column of Air may b 
eonfider'd as a Surface againſt which the Mercury preſſes. Thee 
two being equal, *tis clear, that on the Relation of the Heights * 
of the Columns are to be conſidered, and not that of their Baſes. 


t Notwithſtanding this clear Proof of the Preſſure of the 
Atmoſphere, the Aſſertors of a Plenum would by no Means be 
prevailed upon to allow it to be ſuch; but tried all Ways to 
account for this Phenomenon from ſome other Cauſe. The moſt 
chimerical Solution, and which at the fame Time gave the ad- 
verſe Party the greateſt Difficulty to overthrow, was that of 

Linus. He contended, that in the upper Fart of the Tube, there 
is a Film, or Rope of Mercury, extended thro* the ſeeming Va- 
cuĩty, and hat the reſt was ſuſpended by it, and kept from fal- 
ling into the Baſon ; and that this Film js able to ſupport about 
twenty nine Inches of Mercury. He confirms his Hypothe/is by 
the following Experiment : "Take, fays he, a ſmall Tube, open 
at both Ende ſuppoſe about twenty es long ; fill this Tube 
with Mercury, ſtopping the lower Orifice with your Thumb: 
Then cloſing the upper with your Finger, and iminerging the 
lower in ſtagnant Mercury, you ſhall perceive, upon the Re- 
moval of your Thumb, a manifeſt Suction of your Finger into the 

Tube; and the Tube and Mercury will both ſtick ſo cloſe to it, 
that you may carry them about the Room, Therefore, ſays 
he, the internal Cylinder of Mercury in the Tube is not held 
by the preponderant Air without; for if ſo, whence comes 

© ſtrong a Süction, and ſo firm an Adheſion of the Tube ta 
your Fiager't _ : 2 er 
O if you fill the ſame Tube almoſt full of Mercury, leaving a 
little Space of Air within, and then immerge it in the ſtagnant 
2 Mercury, you will find, that, notwithſtanding its Surface is at 
ſome Diſtance from your Finger, there will be a conſiderable — 
R 4 a 0 , Wh , = * 6 


» 


- 


Diſſert. IV. G/ the Barometer. 
Uſe of, is now the common Barometer, or 
Weather Glaſs *, 6. 5 


87 


The Mercury ſtanding at a leſs Height, che 
nearer it is carried to the Topof the Atmoſphere, 


tion of it, as before. From hence he infers, that the Finger ſup- 
ports the Mercury, by Means-of the abovementioned Film, and 
that the Preſſure of the Atmoſphere' is not concerned. 
But, when it was found, that the Mercury would not ſtand 
ſo high in the Tube, on the Top of a Mountain, as below; 
would quite fall, when the circumambient Air was extracted 
m it by the Pump, all Objections vaniſhed ; and Liz's 
funicular Hypotheſis (as it was called) though it ſeemed to folve 
all other Phenomena relating to the Suſpenſion of the Mercury, 
was with Juſtice rejected, | 
Kircher, when this new Doctrine of a Yacuum was firſt advan- 
ced at Rome, contended, that the Authors of it were eſtabliſhing 
Principles.not, only repugnant to thoſe of Nature, but ſuch as 
would be prejudicial to the Orthodox Faith ; as endeavouring to 
evince by this ſubtle Experiment, that there might be in Nature 
locatum fine loco, accidentia fine ſubjecto, and therefore made the 
Experiment with Water, in the following Manner. He cauſed a 
ſmall Bell to be fixed in the upper Part of the Tube, _ 
that, if there ſhould be a Vacuum, the Bell would not be m 
to ſound : But in making the Experiment, ſome Air got into the 
Tube {for he tells us, that but ten Feet of Water remained in the 
Tube, after it was inverted) the Bell therefore was heard to 
ſound ; and ſo the Notion of a Vacuum, till more accurate Expe- 
riments evinced the contrary, was exploded with Contempt. 


7 e. obſerved, that, if a Tube ſeventy-five Inches long, 
was filled with Mercury well p of its Air, the whole Quan- 
tity of Mercury would remain fi ed ; whereas, according to 
the Torrice/lian Experiment, the Mercury ought to have ſub- 
ſided to the Height of about twenty-nine Inches. 

The Cauſe of this Phænomena ſeems to be, that, by the great 
Weight of ſo long a Column of Mercury, it was into ſo 
cloſe Contact with the Glaſs in pouring in, that the mutual 
Attraction of Coheſion between the Mercury and the Glals, the 

Whole Column was ſuſtained, after the Tube was inverted. 
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(Chap. III. F. 7.) renders it uſeful in determin- 
ing the Height of Mountains; and finding out 
the different Elevation of one Place above ano- 
ther. | Accordingly, Dr Halley has given us a 
Table for that Purpoſe, in the Philoſophical 
Tranſactions N®. 181, ſhewing how many Feet 
each Inch in the Deſcent of the Mercury an- 
ſwers to, as it is conveyed to the Topof a Moun- 
tain, or other elevated Place. And Dr. Nertleton 
has done the like in the Philoſophical Tranſac- 
tions No. 388, ſhewing what Number of Feet 
anſwers to each tenth Part of an Inch, from 
twenty-ſix to thirty- one Inches of Mercury. 
But the principal Uſe of it is, to eſtimate 
the Gravity of the Air at different Times, in 
Order to foreſee the Alterations of the Wea- 
ther, which are conſequent thereon. To this 
End, Dr. Hallky in the fame Tranſaction has 
alſo laid down the more remarkable Pbæno- 
mena, relating to the difterent Heights of the 
Mercury at different Times, together with the 
Solution of each; which are ſo juſt, and fo 
agreeable to true Philoſophy, that I doubt not 
but the Reader will excuſe me for giving his 
Account in his own Words, rather than to 
render it imperfect, by endeavouring to vary - 
from it, or abridge it. 


1. In calm Weather, when the Air is in- 
e clined to Rain, the Mercury is commonly 
« W. * 

J 7 | « In 
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2. In ſerene, good, and ſettled mn, 
« 1 Mercury i is generally high. 

3. Upon very great Winds, though they 
* be not accompanied with Rain, the Mercury 
« ſinks loweſt of all, with Relation to the 
6 unt of the Compais the Wind blows upon. 
4. Cæteris paribus, the greateſt Heights 
«of the Mercury are found upon eaſterly and 
>, en Winds. 

F. In calm froſty Weather, the Mercury 
"66 generally ſtands high. 

6. After very great Storms of Wind, 
© when the Mercury has been/low, it gene- 
*, nally riſes again very faſt. 

7. The more northerly Places have gene 
<< Alterations of the Baromemer, than the 
<, more ſoutherlr. 

g. Within the Tropics, Fe 
e thoſe Accounts we have had from others, 
c and my own Obſervations at St. Helena, 
% make very little or no Variation of the 
4 Height of the Mercury in all Weathers. 

Hence I conceive that the principal Cauſe 
0 of the Riſe and Fall of the Mercury, is from 
60 the variable Winds, which are found in the 
6 temperate Zone, and whoſe great Uncon- 
* ſtancy, here in eg land, is moſt notorious. 

108 A ſecond Ganle is the uncertain Exhalation 
ec and Precipitation of the Vapours lodging in 
the Air, hereby it comes to be at one Time, 
l en more crouded than at another, and 


cc con- 
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* conſequently heavier, but this latter in a great 
« Meaſure depends upon the former. Now, 
from theſe Principles, I ſhall endeavour to 
« explicate the ſeveral Phænomena of the Ba- 
© rometer, taking them in the ſame Order I 
cc laid them down, Thus, ** 
&* 1. The Mercury's being low, inclines it 
* to rain, becauſe the Air being light, the 
“ Vapours are no longer = 5 gh thereby, 
* being become ſpecifically heavier than the 
* Medium wherein they floated, fo that they 
« deſcend towards the Earth, and in their Fall 
s meeting with other aqueous Particles, they 
* incorporate together, and form little Drops 
of Rain; but the Mercury's being at one 
«Time lower than at another, is the Effect of 
* two contrary Winds blowing from the Place 
«where the Barometer ſtanfs ; whereby the 
Air of that Place is carried both Ways from 
e it, and, conſequently, the incumbent Cylin- 
«der of Air is diminiſhed, and accordingly the 
* Mercury finks : As for Inſtance, if in the 
«= German Ocean it ſhould blow a Gale of 
«weſterly Wind, and at the ſame Time an 
«eaſterly Wind in the Fi Sea; or if in 
«France it ſhould blow a northerly Wind, 
* and in Scotland a ſoutherly ; it muſt be 
« granted, that that Part of the Atmoſphere 
e impendant over England, would thereby be 
ec exhauſted and attenuated, and the Mercury 
«« would ſubſide, and the Vapours, 9 
3 = cc ore 
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*© fore floated in oo Patts of the Air of 

equal Gravity with e would fink 
L to the Earth 88 * 22 

„ 2. The greater Height of the Barometer 
& i» occafiotig by two contrary Winds blow- 
« ing towards the Place of Obſervation, where- 
by the Air of other Places is brought thither 
e and accumulated ; ſo that the incumbent 
“ Cylinder of Air, being encreaſed both' i 
Height and Weight, the Mercury preſſe 
0 thereby muſt needs ſtand high, as long as 
ce the Winds continue ſo to blow; and then 
1 2 Air being ſpecifically heavier, the Va- 
rs are better kept ſuſpended, ſo that the! 
ave no Inclination to "precipiint and fall 
M — in Drops, which is the Reaſon of the 
e ſerene good Weather which attends the 
* 22 Heights of the Mercury. 

< 2. The Mercury ſinks the loweſt of all by 

ce the very rapid Motion of the Air in Storms 
er of Wind. For the Tract or Region of the 
« Barth's Surface, wherein the Winds ragey 
* not extending all round the Globe, that 
e ſtagnant Air hich; is left behind, as like- 
te wile that on the Sides, cannot come in ſo 
te faſt as to ſupply the Evacuation made by ſo 
te ſwift a Current, ſo that the Air muſt neceſ- 
te farily be attenuated, when and Where the 
te {id Winds continue to blow, and that more 
„or leſs, according to their Violenee: add 


5 to which that the horizontal Motion of the 
N * os « Air | 
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« Air being ſo quick as it is, may, in all Pro- 
ce bability, take off ſome Part of the perpendi- 
te cular Preſſure thereof; and the great Agi- 
te tation of its Particles is the Reaſon why the 
&« Vapours are diſſipated, and do not condenſe 
te into Drops, ſo as to form Rain, otherwiſe 
* the natural Conſequence of the Air's Rare- 
e faction . 10 40 

“4. The Mercury ſtands the higheſt upon 
te the caſterly and north-eaſterly Wind, be- 
&© cauſe in the great Atlantic Ocean, on this 
& Side the thirty-fifth Degree of north Lati- 
“ tude, the Winds are almoſt always weſter- 
« ly or ſouth-weſterly ; ſo that whenever 
here the Winds come up at eaſt and north- 
e caſt, tis ſure to be checked by a contrary 
& Gale as ſoon as it reaches the Ocean; where- 
ce fore, according to what is made out in our 
« ſecond Remark, the Air muſt needs be heap- 


+ The Reaſon the Doctor aſſigns for the ſinking of the Mer - 
cury the loweſt of all in violent ftorms of Wind, ſeems not ſuf- 
ficient. Perhaps it may be better accounted for thus; the Cauſe 
why the Wind blows at all, is in order to reſtore the Æguiſibrium 
of the Atmoſphere, when loſt (as may be inferred from what was 
ſaid in the firſt Note of this, and will be more largely explained 
in the following Diſſertation 3) it thereiore always blows towards 
that Point, where the Air is moſt rareſied and lighteſt, Now the 
Air in its Progreſs: to that Foint, muſt certainly move faſter and 
faſter ;. for the Canſe which gave it Motion at firſt, continues to 
to act upon ĩt all the Way. Conſequently, in whatever Place the 
Wind blows with great Rapidity, that Place is at, or near the 
Point, where the Air is moſt rarefied, and lighteſt ; which is a 
ſaufficieat Reaſon for the Mercury's ſtanding low at that Place. 


10 ed 
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* ed over this Hand, and conſequently: the 
« Mercury muſt ſtand high, as often as theſe 
Winds blow. This holds true in this Coun- 
© try, but is not a general Rule for others, 
** where the Winds are under different Cir- 
e cumſtances; and I have ſometimes ſeen the 
Mercury here, as low as twenty- nine Inches 
*© upon an eaſterly Wind, but then it blew ex- 
* ceeding hard, and ſo comes to be accounted 
for, by what was obſerved * an the third 


$6, "Remarks | Nut 
5. In calm froſty Weather the Wee 
10 generall ſtands high, becauſe (as I con- 
<< .ceive)it ſeldom freezes, but when the Winds 
come out of the northern, and north- eaſtern 
* Quarters ; or, at leaſt, unleſs thoſe Winds 
«blow at no great Diſtance off: For the 
* north Parts of Germany, Denmart, Swe- 
<< den, Norway, and all that Tract from 
ce whence north-eaſtern Winds come, are 
e ſubject to almoſt continual Froſt all the 
Winter; and thereby the lower Air is very 
much condenſed, and in that State is brought 
e hitherwards by thoſe Winds, and being ac- 
* cumulated by the Oppoſition of the weſter- 
« ly Wind blowing in the Ocean, the Mer-- 
e cury muſt needs be preſſed to a more than 
&« — Height; and, as a concurring 
* Cauſe, the ſhrinking of the lower Parts of 
0 n into leſſer — by Cold, muſt 
1 needs 
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needs cauſe a Deſcent of the upper Parts of 
the Atmaſphere, to reduce the Cavity made 

by this Contraction to an Æguilibrium. 

$46. After great Storms, when the Mer- 
80 eury has been very low, it generally riſes 
again very faſt: I once obſerved it to riſe 
done Inch and a half in lefs than ſix Hours, 
< after a long continued Storm of ſouth-weſt 
© Wind. The Reaſon is, becauſe the Air be- 

ing very much rareſied, by the great Eva- 
0 cuations which ſuch continued Storms make 
Ithercof, the neighbouring Air runs in the 
+more ſwiſtly, to bring it to an A libri 
© um; as we ſee Water runs the fot 
$1 "having a greater Declivity. 5 
800 < 5, The Variations are geber in the a 
_ &// northerly > Places, as at” Seoethokm, > OT 
than that at Paris (compar'd by M. Paß 
chal ;) becauſe the more northerly Parts 
have uſual 7 greater Storms of Wind than 
the more ſoutherly,” whereby the Mercury 
* ſhould ſink lower in that — and 
then the northerly Winds bringing the more 
e denſe and ponderous Air from the Neigh- 
**-bburhood of the Pole, and that again being 
checked by a ſoutherly. Wind at no great 
<< Diſtance, and ſo heaped, muſt of Neceſſity 
© make the Mercury in ſuch Caſs ſtand 8 
7 in che 73 Exteam 


. e £11 8. Lach, 


. — 
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8. Laſtly, this Remark, That there is 
« little or no Variation near the * 
te does above all others confirm the 
*© s of the variable Winds being the Cauſe of 
<<: theſe Variations of the Height of the'Mer- 
e cury ; for in the Places above-named, there 
«is always an eaſy Gale of Wind blowing 
*© nearly upon the ſame Point, vi. caſt-norths 
« eaſt, at Barbadoes, and eaſt-ſouth- eaſt at 
St. Helena *, foi that there being no contra- 

f ry Currents of Air to exhauſt or accumulate 
- it, the Atmoſphere continues much in the 
_ * ſame: State: However, upon, Hurricanes 
{© (the moſt violent of Storms) the Mercury 

has been obſerved very low, but this is but 
once in two or three Vears, and it ſoon te- 
333 29 5 Inches.“ 

A EX 

— 1 n for the De: 
ſcent of the Mercury before Rain, upon an- 
other Principle , viz. as à Body ſpecifically 
lighter than a * while it is ſuſpended by 
it, adds more Weight to that F mid than 
when, by being reduced in its Bulk, it be- 
comes ſpecifically heavier, and deſcends ; ſo 
the Vapour, after it is reduced into the Form 
of Clouds, and deſcends, adds leſs Weight to 
the Air, than before; and thypeſore hd Mer- 


er the at of this agel in th following Dice ci 
tue, de Acad. 1711, 


Ls 
cury 
— - - 


96 _ Of the Barometer. Part II. 
cury falls. To which it is anſwered, 1. 
That when a Body deſcends in a Fluid, its Mo- 
tion, in a very little Time, becomes uniform, 
(or nearly ſo) a farther Acceleration of it be- 
ing prevented by the Reſiſtance of the Fluid; 
and then, by the third Law of Nature, it pref- 
ſes the Fluid downwards, with a Force equal 

to that whereby. it | tends to be farther accele- 
rated, that is, with a Force equal to its whole 
Weight. 2dly.. The Mercury, by its Deſcent, 
foretells Rain a much longer Time before it 
comes, than the Vapour, after it is condenſed 
into Clouds, can be ſuppoſed to take up in 
falling. 34%. Suppoſing that as many Va- 
rs, as fall in Rain, during the Space of a 
whole Vear, where at once to be condenſed 
into Clouds, and even quite ceaſe to gravitate 
upon the Air, its Gravity would ſcarce be di- 
miniſhed thereby, ſo much as is equivalent 
to the Deſcent of two Inches of Mercury in 
the Barometer. Farther, in many Places be- 
tween the Tropics, the Rains fall at certain Sea- 
ſons, in very great Quantities *, and yet the 
Barometer ſhews there very little or no Altera- 
tion in the Weight of the Air. 
The following are Mr. Patrick's Obſer va- 
tions on the riſing and falling of the Mercury. 
They are very juſt, and are to be accounted. 


Þ See Diſſertation the Vl. 
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for on the ſame Principles with thoſe of Dr. 
Halley. | , 5 1 5 n 


* 1. The rifing of the Mercury preſages in 

ce general fair Weather; and its falling, foul 
% Weather; as Rain, Snow, high Winds and 
“ Storms. | 

« 2, In very hot Weather, the Glling of 
ſs the Mercury foreſhews Thunder. 

3. In Winter the riſing prefages Froſt; 
*.and in froſty Weather, if the Mercury falls 
f three or four Diviſions, there will certain- 

56 follow a Thaw. But in a continued 
“ Froſt, if the Mercury riſes, it will certain- 

BY ſnow. 

4. When foul Weather happens ſoon after 
« the Falling of the Mercury, expect but little 
«of it. And, on the contrary, expect but 
« little fair Weather, when it proves fait 

*-thortly after the Mercury has riſen,* 

. In foul Weather, when the 
« riſes much and high, and fo continues for 
ce two or three Days before the foul Weather 
« js quite over, then expect a Continuance of 
« fair Weather to follow. | EET? 
« 6, In fair Weather, when the Mercury 
cc falls much and low, and thus continues for 
te two. or three Days before the Rain comes; 
© then expect a great deal of Wer. and Pro- 
2 © bably high Wands. | 


« 7 The 
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e 7, The unſettled Motion of the Mercury 
« denotes uncertain and changeable Weather. 

« 8, You are not ſo ſtrictly to obſerve the 
* Words engraved on the Plates (though, for 
«the. moſt Part, it will agree with them) as 
te the Mercury's Ning and Falling: For if 
ce it ſtands at Much Rain, and then riſes up 
sto Changeable, it preſages fair Weather, al- 
though not to continue ſo long, as it would 
*© have done, if the Mercury were higher: 
* And ſo on the contrary, if the Mercury 
ſtood at Fair, and falls to Changeable, it 
_ *-prefages foul Weather; though not ſo much 
of it, as if it had funk down lower. 


From theſe Obſervations, it appears, That 
it is not ſo much the Height of the Mercury in 
the Tube, that indicates the Weather, as the 
Mio tion of it up and down; ' wherefore in Or- 

der to paſs'a right Judgment of what Weather 
is to be expected, we ought to know, whe- 
ther the Mercury is actually Ring or Full- 
ing, to which End, the following Ruls are 


1, If the Surface of the Mercury is convex, 
ſtanding higher in the Middle of the Tube than 
at the Sides, it is generally a Sign that the 
Mercury is then riſing. nnr 

2. If the Surface is concave, or hollow in 
the Middle, it is ſinking And, : 
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3. If it is plain, the Mercury is ſtationary, of 
rat 


er, if it is a little convex; for Mercury 
being put into a Glaſs Tube, eſpecially a ſmall 
one, will naturally have its Surface a little 
convex ; becauſe the Particles of-Mercury at- 
tract each other more forcibly than they are 
attracted by Glaſs Further 
4. If the Glaſs is ſmall, ſhake the Tube; 
and if the Air is grown heavier, the Mercury 
will rife about half the tenth of an Inch higher, 
than it ſtood before; if it is growing lighter, 
it will fink as much. This proceeds from the 
Mercury's ſticking to the Sides of the Tube, 
which prevents the free Motion of it, till it is 
diſengaged by the Shock. And therefore, when 
an Obſervation is to be made with ſuch a Tube, 
it onght always to be ſhaken firſt, for ſome- 
times the Mercury will not vary of its own 
Accord, till the Weather, it ought to have in- 
dicated, is preſent. . 


The Uſefulneſs of knowing, whether the 
Mercury is actually riſing or falling; and the 
Advantage that would ariſe from perceiving 
the moſt minute Variations in eſtimating the 
Heights of Places, have given Occaſion to the 
Invention of ſeveral Kinds of Barometers differ- 
ent from the Torricellian, though founded on 
the ſame Principle; wherein the Scale of Vari- 
ation,” which in that is not above three Inches; 

14 0 ſhould 
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ſhould be conſiderably larger, Of which Iam 
now to give ſome Account. 

1. The firſt is that of Des Cartes, which was 
made in the Form expreſſed, Fig. 28. where 
AB is a Tube hermetically * ſealed at A, and 
having its lower Orifice immerged in ſtagnant 
Mercury E F, and filled with the ſame Fluid 
to G, from thence to H with Water, andem 
ty from thence to the Top. Now when 
Mercury riſes in this Tube, ſuppoſe from G to 
L, the Water will be raiſed in — ſmall Tube, 
perhaps from H to M, vis. as many Times 
further, as the Tube CA is ſmaller than CD; 
by which Means the Variations become much 
more ſenſible, than they are in the common 
Barometer. - The Inconvenience of this Was, 
that the Air, included in the Water, getting 
looſe by Degrees, filled the void Space at ic 
Top, and ſo ſpoiled the Machine, | 

2. He then contrived it thus, ABC (Hg. 29. ) 
is a bent Tube hermetically ſealed at A, filled 
with Water from F to D (tinged with Aqua 
Regia to prevent its freezing) from D to E with 
Mercury, and empty from thence to the Top. 


Then, upon theMeroury: s riſing, er 


* A Tube is faid to be hermetically ſealed, when the Ead is b 
cloſed, that nothing can poſſibly evaporate through it. And, be- 
caald this is beſt done, when it 1s cloſed up with 3 its own Sub- 
fance or when its Bore does r 


z then ſaid to be hermetically ſealed. 


E to 
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E to M, and falling as much at D, the Surface 
of the Water at F would fink ſo many Times 
farther than the Surface of the Mercury at D, 
as the Tube CG was ſmaller than GH. The 
Water here is liable to evaporate, though that 
may, in-ſorge Meaſure, be prevented, by pour- 
ing a few Drops of Oil of ſweet Almonds 
upon it. Others have contrived 

3: The Horizontal or Rectangular Barome- 

ter (Fig. 30.) hermetically ſealed at A, and 
W from D to E; then as the 
Surface of it in riſes inthe Tube, ſuppoſe 
5 E to F, the lower will be driven from D 
to G, as many Times farther, as this Part of 
the Tube is leſs than that at E. But it often 
happens, that ſome Parts of the Mercury break 
from the reſt in the Leg BC, and are left 

behind. This Inconvenience is remedied in 

4. The Diagonal Barometer ABC (Hg. 31) 
wherein the Mercury, inſtead of riſing 
to D (ſuppoſe that Space to correſpond to * 
Scale of Variation in a ſtrait Tube) will riſe 
from B to A; for it will always ſtand at the 
fame perpendicular Height, — be the 
Inclination of the Tube; becauſe Fluids-preſs 
only according to their perpendicular Alti- 
tude *. But the Tube AB muſt not be too 
much inclined, leſt the Mercury break in it, 


as in the former, 


Chapter I, 9 9. ; Ko bo 
| Q 2 5. AB 
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5. AB (Fig. 32.) is Dr. Rook's Wheel- 
neter wherein ABD is a Tube filled 
with Mercury from à to E; à is an Iron Ball, 
ſwimming on the Surface of the Mercury; this 
as it ſubſides with the Surface of the Mercury, 
draws the little Wheel mn round, to whoſe 
Circumference it is fixed by Means of the 
String a c *: This Wheel carries the Index 
PQ, which points to the graduated Edge of 
the Circle KL, and by its Motion ſhews the 
moſt minute Variations of the Mercury. 
When the Ball 2 is raiſed by the Mercury 
on which it ſwims, the Index is drawn the 
contrary Way by a leſſer Ball 4, which hangs 

on the other Side the Wheel. The Friction 
in in this Machine, unleſs it be made with great 
Accuracy indeed, renders it uſeleſs. 
6. The pendent Barometer is another Con- 
tt ivance to render the Variations more ſenſible. 
It confiſts of a ſmall conical Tube, (repreſent- 
ed Fig. 33.) hermetically ſealed at A, and filled 
with Mercury from C to D, and empty from 
thence to 3. Now, fuppoling the Gravity of 
the Air encreaſed, it will raiſe the Mercury 
Higher in the Tube, and ſo force it into a nar- 
rower Part; by which Means the Column be- 
coming longer, its perpendicular Preſſure upon 
the Air below will be proportionably encreaſcd, 


The Tube is ſmaller at a than at E, that the greateſt Varia- | 
tion may be at _ n of the Mercury on which the Ball 


Lit, 
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On the contrary, when the Air becomes light- 
er, the Mercury deſcends into a larger Part of 
the Tube, and by that Means has the Length 
of its Column proportionably contracted. The 
Inconvenience that attends this Barometer, is 
that the Tube muſt be very ſmall, otherwiſe 
the Mercury will fall out; or the Air will be 
apt to get into it, and divide the Column in ſe- 
veral Places ; and when the Tube is very ſmall, 
the Friction of the Mercury againſt the Sides 
of it, will hinder it from rifing and falling 
freely. 

7. Dr. Hook, obſerving how unfit the com- 
mon Barometer, was to be uſed on Board of 
Ship, by Reaſon its Poſition ought to be ſteady, 
contrived the following one, called, from its 
Uſe, a Marine Barometer, confiſting of two 
Parts, the one AB Hg. 34.) the common 
Spirit Thermometer, the other CD, a Tube fil- 
led with Air from C to E, and from thence to 
the End D with tinged Water. This End is 
immerged in the ſame Fluid contained in the 
Veſſel GF; and having its Surface expoſed to 
the — of the external Air. Now, the laſt 
of theſe Machines will be affected both by the 
Warmth of the external Air, and alſo by its 
Preſſure: The former dilating the Air includ- 
ed in CE, and by that Means driving the Wa- 
ter downwards; the latter preſſing it up higher 
in the Tube: Whereas the other, viz. AB, is 


affected by the Warmth of the Air 1 4 
9 equentlys 
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ſequently, were theſe Inſtruments graduated in 
ſuch a Manner, that, if the Gravity of the ex- 
ternal Air ſhould always remain the ſame it 
was, when the Inſtruments were made, their 
Variations (then only depending on its Warmth) 
ſhould exactly correſpond with each other; 
that is, when the Spirit in the Tube AB, 

ſhould aſcend to 1, the Water in C D, ſhould 
deſcend to 1, &c. Then, whenever their Va- 
riations ſhould be obſerved to differ from each 
other, the Difference could only be aſcribed 
to ſome Alteration in the Preſſure of the Air 
upon the Surface of the Water in the Veſſel 
GF. In Proportion therefore as the Diffe- 
rence is greater, or leſs, ſo is the Alteration in - 
the Gravity of the Air, from what it was when 
the Inſtruments were adjuſted. For Inſtance, 
when the Water ſtandy, above the Diviſion, 
which correſponds to So which the Spirit 
points to in the other Machine, it is an Indica- 
tion, that the Preſſure of the Air is greater at 
that Time, than when the Inſtruments were 


graduated, and vice verſa. 


This Machine is not only more uſeful at 
Sea, than the common one, as not requiring 
a ſteady Poſition ; but may have its Scale of 
Variation conſiderably aan, by making 
the Bore of the Tube C D'very ſmall, in Pro- 


portion to the N of its Head C. 


But 
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Hut it is obſerved, that in long keeping the 
Inſtrument, the included Air loſes ſomewhat 
of its Elaſticity; whereby; in Proceſs of Time, 
the Water ſtands higher than it ought, and 
therefore indicates the Gravity of the 2 | 
| be greater than what it is. 
In the Philoſophical TranſaRtions No. 427. 
| I have given an Account of à Barometer, 
wherein the Scale of Variation may be en- 
eee ad Infinitum. The Deſcription * it 
as follows: ABCD (Hg. 35.) is a 
lindrical: Veſſel, filled with a Fluid to 
Height W, in which is immerged the Baro- 
meter 8 V, conſiſting of the following Parts: | 
The Principal of which is a Glaſs Tube, T P 1 
(repreſented ſeparately at h whoſe upper | 
End T is hermetically ſealed: This End 
does not appear to the Eye, being received 
into the lower End ofa Tin Pipe G H, which 
in its other End G receives a cylindrical Rod, 
or Tube ST, and thereby fixes it to the Tube 
TP. This Rod ST- may be taken off, in 
Order to put in its ſtead a larger, or lefler, 
as Occaſion requires. 8 is a Star at the Top 
of the Rod 8T, and ſerves as an Index, by 
pointing to the graduated Scale L. A, which, is 
fixed to the Cover: of the Veſſel» A BOD. 
MN. is a large cylindrical Tube made of 
Tin (repreſented ſeparately: at m ) which 
receives in its Cavity "56 ſmaller Part 
the Tube TP, and is well cemented to it 
at 


- 
C.-C 
= — - Ee 
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at both Ends, that none of the Fluid may get 
in. 

The Tube TP, with this Apparatus, being 
filled with Mercury, and plunged into the 
Baſon V, which hangs by two, or more Wires, 
upon the lower End of the Tube MN, muſt 
be ſo poized, as to float in the Liquor con- 
tained in the Veſſel ABCD, and then the 
whole Machine will riſe; when the Atmoſ- 
phere becomes lighter, and vice verſd. 

I ſhall hereadd a Computation, in Order to 
ſhew the Poſſibility of the Variation being 
-infinite, upon a given finite Variation of the 
Weight of the Atmoſphere, and withal, the 
Reaſon why it may be ſo. , Thoſe who would 
ſee a Mathematical Proof of it, may conſult 
the Note below. * 
Let 


Let the ſpecific Gravity of Quickſilver be to that of Water, 
or to the Liquor the Barometer floats in, as i to 1 ; and if it be 
ed, that the Variations in this compound Barometer ſhall 

to the contemporary Variations of the common Barometer in 
the given Ratio of x to 1, this Effect will be obtained, by making 
the — of the Rod ST to the Diameter of the Cavity of the 


N 1 8 
Tube HI, as to 1, which may be thus demonſtrated. 


as 

Let us ſuppoſe, that the Variation in the Height of the Quick- 
filver in the common Barometer, which we will call v, is ſuch, 
that a cubic Inch of Quickſilver ſhall riſe into the Vacuum T; 
in Order to which, a cubic Inch of Quickſilver muſt riſe from 
the Veſſel V; that is, the Surface P muſt ſubſide ſo far, that a 
cubic Inch of Water (if that be the Fluid made Uſe of) ſhall 
enter the Veſſel V, by which Means the Barometer with the 


Parts annexed will be heavier by a cubic Inch of the — 
| ow 


= — - 4 * ——— —_ um. * 


— => 
Ip | . n ; 


. 
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Let it be ſuppoſed, that the Fluid made uſe 
of is Water, and that the given Variation in 
the: Weight of the Atmoſphere is ſuch, that, 


Now this additional Weight of a cubic Inch of Fluid, will 
make the whole Barometer ſubſide (according to the Law of Hy- 
droſtatics) till a cubic Inch of the Rod HS; immediately extant 
above the Surface at W, ſhall come under it; but the Length of 
ſuch a Magnitude of HS will exceed the Length of an equal Mag- 
nitude of Quickſilver in the larger Tube X, as many Times as the 
Square of the Diameter at X exceeds the Square of the Diameter 
at H (the Lengths of equal Cylinders being reciprocal to their 
Baſes.) That is, the perpendicular Deſcent of the compound Ba- 
rometer will be to vñ the perpendicular Aſcent of the Mercury 
in the common Barometer, as 4 to 1 (yppofing this the Ratio 
of their Baſes, and confequently will be equal to 1. 
But; by this Deſcent, the Diſtance PW; between the Surface of 
the ſtagnant Quickſilver and the Top of the Fluid, will be aug. 
mented by a Column, whoſe Height is d, the Deſcent of the 
compound Barometer; and eonſequenitly the Weight of the whole 
Column of the Fay poof gieon the ower Surface of the Quick- 
filver (to which the Height K is partly owing) will be encreaſed 
by a Column of that Length; and this Increaſe would produce u 
ſecond Aſcent of the Mercury at X equal to itſelf, namely, du, 
were the Fluid as heavy as Quickſilver; but ſince it is ſuppoſed ty 
be lighter in the Ratio of : to 1, the Aſcent of the Quickſilver, 
S RS 4 n - 


on this Account, will only be = | h | 
£ 5. x 5 : p | 
But now, as In the former Caſe; when the Aſcent of the Met - 
cury was v, the Deſcent of the compound Barometer was ſhewn 
ow o 


to be 4; ſo here, the Aſcent of the Mercui being = the Pe- 
e r 

ſcent of the compound Barometer will be and the next De- 
dad 4 53 . 

ſcent =—— and the next and fo on to Infinity. There 
115 439 

fore the whole Deſcent bf the compound Barometer, is to the Aſ- 

cent of the Mercury in the common Barometer, that is, = is to 1 

innit det 4 4% | PRs 

as d p—+—+—- + Er. tor, or as — to 1; be- 

thr ht ls OO, — 4 


cauſe the Terms of the Series _ in geometrical Proportion; 
| the 
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by preſſing upon the Surface of it at W, the Sur- 
face of the Mercury at X may be raiſed an Inch 
higher ( meaſuring from its Surface at P) than 
before 3 and that the Breadth of the Cavity of 
the Tube at X, and of the Baſon at P are ſuch, 
that by this Aſcent of the Mercury, there may 
be eubic Inch of it in the Cavity X-more 
than before, und conſequently in the Baſon a 
| Gude ich leb. Now upon this 
; there will be a eubic Inch of Water in the Ba- 
ſon more than there was before; becauſe tlie 
Water will ſucceed the Mercury to fill up its 
Place. Upon this Account the whole Ma- 
chine will be render' d heavier than it was 
before, by the Weight of a cubic Inch of Wa- 
ter, and therefore will ſink, according to the 
Laws of Hydroſtatics (Chap. H ch 7 till a 


cubic Inch of that a of the Rod 


JLITC 3-24 


che Sum of them ll = Henes ws hve e and there 
| jd * In,, 
fore ar ATA; that is, 1 4 2 ns: — 2 


and therefore, by extracting the ſquare Roots of each Term in 
the- Proportion, 1 : 4 Wenne 


Diameter of HI) as y/ — 1. 2. E. P. 15 

; Exampli 1. Putting 4 invarig and i, W 
and vil be equal b e e eee 
Diameter of Hl, ee 463019 29 ney. 

- »Rxamplt 2 1. be put ulis the Diameter of ST will b 


to the Diameter of HI, =y/—w 1, or 16y 143 that 
e Ihe : 


= 
a | 
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was above the Surface of the Water at W, 
comes under it. Then ii we ſuppoſe this Rod 
ſo ſmall, that a cubic Iach of it ſhall be four- 
teen Inches in Length, the Whole Machine 
will ſink fourteen Inches lower into the Fluid 
than before; and conſequently the Surface of 
the Mercury in the Baſon will be more 
than it was before, by a Column of Water 
fourteen Inches high. But the Preſſure of four - 
teen Inches of Water is equivalent to one of 
Mercury (becauſe Water is about fourteen 
Times Lighter than Mercury) this additional 
Prefſure therefore will make the M aſ- 
.ccndat X, as much as the ſuppoſed Variation | 
in the Weight of the Air did at firſt. This AC 
cent will give Room for a ſecond cubic Inch ot 
Water to enter the Baſon; the Machine will 
therefore be again rendered heavier by the 
Weight of ſo much, Water, and accordingly 
will ſubſide fourteen Inches farther. This will 
occaſion another additional Preſſure of Water, 
which will raiſe another Inch of Mercury, and 
make the Machine fink fourteen Inches more, 
hag ſo on, without ever approaching nearer to 

ilibrium with the external Air: And 
= ore a Scale, anſwering to the Variation of 
this Barometer, ought ſtrictly and properly to 
be of an infinite Length; becauſe after this Ba- 
rometer has ſunk. or — thouſands of Miles 
(if that were poſſible) it would ſtill have the 
ſame Tendency to fink or riſe on, pe O'S 


firſt ſet out, 


9 No 
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Now, was the Rod Ws ſmall, that a cubic 
Inch of it ſhould be more than fourteen Inches 
Jong (the other Parts remaining as was fup- 
poſed above) the Variation in this Barometer 
would be more than infinite, or negative with 
Reſpect to thoſe. of the common Barometer. 
The Meaning of which is, that whereas in the 
common Barometer, the ſuſpended Column of 
Mercury, by its riſing or Ailing, approaches 
nearer to an Æguilibrium with the external 
Air, this Barometer would "continually recede 
from an AZgquilibrium with it; ſo that the far- 
ther it ould move up or down, inſtead of ac- 
quiring by that Means a leſs Tendency to move · 
on, as the Mercury in the common Barometer 
does, it would acquire a greater. 
On the contrary, when a cubic Inch of the 

Rod is leſs than fourteen Inches in Length, 
the Variation will be finite ; and may be made 
to bear any Proportion to thoſe of the common 
Barometer whatever, as demonſtrated in the 

foregoing Note. qo cape MS dear 


While I am writing this, another Method 
occurs to me of making a Barometer, wherein 
the Scale of Variation ſhall bear any Propor- 
tion to that of the common one. It is this: 
Let there be a compound Tube, as ABC (Hg. 
36% hermetically ſealed at A, and open at 2 
empty from A to D, filled with Mercury from 
8 5 Wa- 


thence to B, and from thence to E wi 
(ox 3 ter 


8 
— 


* 
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ter: Then, if the Tube FE be a little more 
than five Times leſs in Diameter than the Tube 
FA, the Variation in the lower Surface of the 
Water & E will be infinite; if it be above ſo 
many Times leſs, it will be more than infinite; 
otherwiſe it will be finite. See e, 
Mannen HIER 0.09 
1 197 Fro! 57} ,$13MO360 1 That 


1838 e ee 
the correſpondent Virizeion at E ſought. © Let the Ratio of n to 
r, expreſs that of the fpecific Gravity of Mercury, to that of Wa- 
ter ; and 4 to 1, that of the Diameter Tube FA to FC. 
Then the Vartation at E, the lower $ act 5 the Water, bei 
ſuppoſed x,"the' Vea of Be appr Sue oi 
be — and conſequently OE, the Difference of the Legs Ex and 
KB, 5 will rar whos Again, the Variation of the Surface of 
| the Mercury an vl be the fame widh that of the Water a. | 
A * WIT) 
fame Place, , i, 7,64, if Tbs lf te fre Dir 
40 D, as at B, the Variation of the Surface at D will alſo be the 
rern e 
fame, hat is, — The Sum of both Variations, or the Variation 


of HD te Diflrence ofthe Leg will therefore be” Now the 


rene. I hed 
Preſſure of the Mercury and Water together upon the Air atE, is 
owing to'the of HD and GE]; and fince one of theſe will 


always ſhorten, when the other lengthens, the Variation in their 
Preſſure will depend on the Variation of the Difference of their 
IE _ is, of the Dilference appt the Weight of x 


0 of— But the Weight of Heben ue Weight 


> Col of Wa) compare tha of Column of Hercry of 
| + | 


the ſame The Difference therefore 
* 


112 .- Of tbe Barometer. | Part II. 
That the Variation in this Barometer may 
be infinite, will 1 the — 

Computation. 21" 19095 

Let the ion between the Bores of the 

Tube AF and FC be ſuch, that when HD, 

the Difference of the Legs wherein the Mer- 

cury is contained, is augmented one Inch, GE 
the Difference of the Legs, wherein the Water 
is contained, ſhall be diminiſhed fourteen ; 
then, as much as the Preſſure of the M Mereury 

is augmented, that of the Water will be dimi- 

niſhed, and the Preſſure of both taken toge- 

ther will remain as it was. And conſequently, 
after it has began to riſe, it will always have 
the fame Tendency to rife on, without ever 
coming to an MÆguilibrium with the Air. 

Ho far this Barometer will ſucceed in Prac- 
tice, muſt be left to . p to determine. 


1290 20 | MH 
r el S 
— mean; be equl e the Variation i 


= 
> 


wats [31.4 


the . and by 
Daene | 


che common Method of dun, *: — Rn x: 
: 21h. Non, fe put ==: and — 2, 


N zm, and therefore 
vill be equal to nothing à and ſo & being by the Proportion as 


many Times more than u, as mad is than nothing, tis infinite, 


And if m be put==14, and 5, add will be equal to 350, 
and 2zmw-d4—1==2 ; and therefore the Variations, in this Caſe, 
will be to thoſe in the common Barometer, as 175 to one. 
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Probably, if the Bore of the Tube F be made 
very ſmall, via. about the twentieth Fart of 
an Inch Diameter, the Air will not aſcend 
through the Water, as it is apt to do through 
the Mercury in the Barometer; and 
the Smallneſs of the Bare will not prevent. the 
Water, from moving, near ſo much as it docs 


the Mercury in that Barometer. 
There is an Improvement of * Kind 
in the omann Barometer, w it is ren- 


dered portubie. The Tube containing the 
Mercury, inſtrad of having its — im- 
merged in 4 Veſſel of that Fluid, has it tied 
up in a leathern Bag, pot quite full of Mercu- 
ry. And though the external. Air cannot get 
into Bag to ſuſpend the in the 
Tube, by preſſing on its Surface, as in the 
common one ; yet it has the fm by 
on the Outſide of the Bag, which, 
ing pliant, yields to the Preſſure, and keeps 
the Mercury ſuſpended in the Tube at its pro- 
Height. This Bag is generally incloſed in a 
fire Box, ung ere 
a Screw; hen this Screw the Bag may be 
compreſſed, ſo as to force cht Mercury up to 
the Topf che Tube; which keeps it ſteady, 
and hinders it from breaking the Tube by daſh- | 
ing againſt the Top bed it ig carried about, 
as it otherwiſe would th K | 


See 
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See more on the Subject of this Diſſertation, 
Meialeri Inſtitutiones Mathemat. p. 608: Mei- 
chior:-Verdries Phyſ. Pars ſpecialis, Cap. IV. 
& 13. Mr. Paſclals Traité de V'Equilibre 
des Liqueurs. Sinclair's Arts magna Gravitatis 
& Levitatis. Mariotte's Eſſay de la 
Nature de VAir, Philoſoph. Burgund. Tom. II. 
p. 850. Saus Treatife on the Barometer. 
1 s 'Philoſoph. Converſat. 22. Clare's 
Motion of Fluids, p. 141. Mem. de l' Acad. 
2705s 1711. Philoſophical Tranſactions No. 
9, 10, 11, 55, 86, 91, 165, 2 185, 208, 
229, 236, 237, 240, 243, 269, 351, 366, 
385, 388, 405, 406, 427.  Cotes's Hydro- 
ſtatical and Fneumatical Lecture. Lett. 
With ſeveral other Authors referred to in l. 
Jubnſon's — ä e on 
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DISSERTATION: V. 
O the Origin of the mind., 
"HE Wind is no other; than the Mos 
tion of the Air, upon the Surface of 


the Globe. Some of the Ancients took it 
to be Air, ruſhing out of the Bowels and 


Cavities of the Earth: And others thought it 


an Exhalation from its Surface: But theſe are 


* particular Confutation. Some of the Mo- 
derns, who held a Plenum, have accounted for 


it thus: They imagined, that the Air being 


confined above, as it muſt be, if we ſuppoſe 
a Plenum, would, when mote than ordinaril 

rarefied, or ftocked with Vapours, dri 
away the neigbouring Air, in order to make 
room for itſelf; and by this Means occa- 
ſion a Wind. Others, obſerving a conſtant 
and perpetual eaſterly Wind to blow at the 
Equator, aſcribed its Origin to the diurnal 
Rotation of the Earth, about its Axis from 


Weſt to Faft ; which they thought would 


occaſion the Air upon its Surface to ſeem to 
move the contrary, Way, being in ſome Mea- 


ſure /left behind. But, whereas there are 


Winds, in ſome Places near the Equator, 


Q_ 8 
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theſes too chimerieal to ſtand in Need. 
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that blow on other Points of the Com 
(as we ſhall ſee hereafter) this Hypothe 
inſufficient. * Beſides, , the Air prefling —.— 
the Surface of the Earth by its Gravity, like 
other Bodies; and having nothing to hinder 
it from moving freely along with it, muſt ne- 
ceſſarily, in Time, acquire an val Degree 
of Velocity, and ſo Kor: Pace with it, all the 
Way round. | i 
The principal Cauſe of the Wind, „ or, in 
— i Words, of the Air's moving from Place 
to Place, upon the Surface of 2 Earth, is 
the Atmoſphere's being heated over one Part 
more than over another. For, in this Caſe, 
the warmer Air being rarefied, becomes ſpeci- 
fically lighter than the reſt, ele into the 
—4 . of the Atmoſphere, and there 
diffuſes itſelf every Way; ; While the neighbour- 
ing inferior Air ruſhes in from all Parts at the 
Bottom, to reſtore the Aguilibrium. 
Upon this Principle it is, that moſt of the 
Winds may be accounted for. 
To 3 with thoſe _ blow under * 


" Paik the Equator, the Wind is an 
| obſerved to blow from the Faſt n 9. 


58 
+ # WY. my I 
& +4 + 


- For - the Reader's Faſe (who Lake is not furniſhed with t 
the Philoſophical Tranſactions) T ſhall | 


ere inſert by W __ | 

Note, from Dr. Halley's Account, ſo much of the Hiſtory of the 
Winds, as may be neceſſary for the underſtanding this Theo 
: 
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For, ſuppoſing the Sun to continue vertical 
over ſome one Place, the Air will be moſt rare 
fied there; and conſequently, the neighbour. 


The univerſal Ocean, ſays he, may moſt properly. be di- 
« vided into three Par s, wiz. 1. The Atlantic and Zthiopte 
„Seas. 2. The [ndian * 3: The great en r by or 


* 1 Pacific Ocean, 


. 1. In the Atlantic and A Seas, damen the « cs, 
« there is a general eaſterly Wind all the Year long, without 
any conſiderable Variation; excepting, that it is ſabje to be 
«« deflected therefrom, ſome few Points of the Compaſs, towards 
«+ the North, or South, according to the Poſition of the Place. 
1. Near the Coaſt of Africa, as ſoon as you have paſſed the 
« Canary Iſles, you are ſure to meet a freſh Gale of North-eaſt 
« Wind, about the Latitude of twenty-eight Degrees North; 
« which ſeldom comes to the Eaſtwards of the Eaft-north-eaft, 
«« or paſſes the Nortk-north-eaſt. This Wind accompanies thoſe 
bound to the Southward, to the Latitude of ten Degrees 
« North, and about an hundred Leagues from the Guinea + 
« Coaſt; where, till the fourth Degree of North Latitude, 
they fall into Calms and Tornadzes, or ſudden Storms. | 
2. Thoſe bound to the Caribbe Iles, find, as they ap- 
roach the Ahrerican Side, that the aforeſaid North-eaft 
* becomes ſtill more and more eaſterly, ſo as ſometimes 
to be Eaſt, ſametimes Eaſt by South, but yet moſt commonly 
« to the Northward of the Eaſt, a Point or two, ſeldom more. 
«« *Tis likewiſe obſerved, that the Strength of theſe does grav 
4 dually decreaſe, as you fail to the Weſtward. 
* That the Limits of the Trade and eutb Wink in 
«< this Ocean, are farther extended on the American Side, than 
64 the African 3 for, whereas you meet not with this certain 
« Wind, till after you have paſs'd the Latitude of twenty-eight 
« IT 
« holds to thirty, one, or thirty-two Degrees of Lati- 
« tude; and this is verified likewiſe to the Squthward ef the. 
« /Equinod#ial ; for near the Cape of Good Hope, the Limits of 
the Trade Wind, are three or four Degrees nearer the * 
& than on the Coaſt of Brexil. 


« 


: 
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ing Air will ruſh in from every Quarter with 
equal Force, But, as the Sun is continually 


ſhifting to the Weſtward, the Part where the 


© 4. That from the Latitude of four North, to the 
* —— Limits on the South Side of the Equator, the Winds 
< are generally and perpetually between the South and Eaſt, 
« and moſt commo won the South-eaſt and Eaſt; ob- 
\ 2 Pa — this Rule, that on the African Side, they are 
« more ſou „on the Brafilian more eaſterly, ſo as to be- 
* come — ve Eaft, the little Deflection they have being 
. ſtill to the Southward. In this Part of the Ocean, it has 
been my Fortune to paſs a full Year, in an Employment t that 
: obliged me to regard more than ordinarily the Weather, 
and found the Winds conſtantly about the South-eaſt, the 
4 moſt uſual Point South-eaſt by Eaſt: When it was eaſterly, 
« it generally blew hard, and was glam, dark, and ſome- 
<< times rainy Weather: If it came to the Southwards, it was 
« generally ſerene, and a ſmall Gale net to a Calm; but this 
3 not very common. But I never ſaw it to the Weſtwards of 
2 South, or Northwards of the Eaſt. 
f. That the Seaſon of the Vear has ſome ſmall Efe& on 
Ge theſe Trade Winds; for that when the Sun is conſiderably to 
the Northward of che E qnator, the South - eaſt Winds, — 
«c cally in the deren of this Ocean (If I may ſo call ut) 
* tween Brafil, the Coaſt of Guinea, do vary a Point or 
< two to the Southward, and the North- eaſt become more 
« eaſterly, and, on the contrary, when the Sun is towards the 
« Tropic of Capricorn, the South-eaſterly Winds hecome more 
«« eaſterly ; and the North-eafterly Winds, on this Side the 
« Fire, veer more to the Northward. 
1 6. That as there is no general Rule, that admits not of ſome 
& Exception, ſo there is in this Ocean a Tract of Sea, wherein 
» the ſoutherly and South-weſt Winds are perpetual, wiz. all 
das. aps en eee 
er, from Serra Leona, to the He of St. - For 
on e South-eaſt Trade Wind 


hing the Coaſt of Guinea within 

agues, inclines towards the Shore, and es South- ſout h- 

. eaſt ; and by Degrees, as you come nearer, it veers about to, 
* Huch. South-ſouth-welt, and in with the Land * 


. 
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Air is moſt rarefied, is carried the ſame Way; 
and therefore the Tendency of all the lower Air, 
taken together, is greater that Way, than any 


9 other 


and ſometimes Weſt ſouth-weſt. Theſe are the Winds, which are 
% obſerved on this Coaſt when it blows true; but there are fre 
« quent Calms, violent ſudden Guſts, called Tornadoes, from all 
« Points of the Com and ſometimes unwholeſome | 
* eaſterly Winds, e Hermite, by the Natives, which 
* often infeſt the Navigation of theſe Parts. 5 
4 57. That to the Northwards of the Line, between four and 
« ten Degrees of Latitude, and between the Meridians of Cape 
« Ferde, and of the eaſtermoſt Iſlands that bear that Name, there 
js a Tract of Sea, wherein it were im to ſay, there is 
% any Trade Wind, or yet a variable for it condemned to 
«« perpetual Calms, attended with terrible Thunder and Light- 
« ning, and Nuins ſo that our Navigators from thence 
call this Part of the the Rains > The little Winds that 
«« are, being only ſome certain Guſts, of very little Conti- 
* nuance, and leſs Extent z ſo that ſometimes each Hour you 
« ſhall have a different Gale, which dies away into a Calm 
« before another ſucceeds : And in a Fleet of Ships in Sight of 
one another, each ſhall have the Wind from a ſeveral Point 
of the Compaſs : With theſe weak Breezes, Ships are obliged 
4 to make the beſt of their Way to the Southward, through 
<< the aforeſaid fix Degrees; wherein it is reported ſome have 
been detain'd whole Months for want of Wind. 


« TI. In the Irdian Ocean, the Winds are y general, 
« as in the /Zrhiopic Ocean; partly periodical, that is, half 
the Year they blow one Way, and the other half near upon 
« the te Points ; and theſe Points and Times of ſhifting, 
1 are di in different Parts of this Ocean. | 


«« grees South, betwen Madagaſcar 
« General Trade-Winds about the South-eaſt and by Eaſt, are 
* found to blow all the Year long, to all Intents and Purpoſes, 
« after the ſame Manner, as in the fame Latitudes in the 
* F#hiopic Ocean, as it ig deſcribed in the fourth Remark 
* aforegoing, — 


4 44 


2. That 


— 
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other. Thus the Tendency of the Air to- 
wards the Weſt, becomes general, and its 
Parts impelling one another, — continuing to 

move 


\ 


4 2. That the aforeſaid South-eaſt Winds extend to within: 
« two Degrees of the Equator, during the Months of June, 
% July, and Auguſt, &c. to November, at which Time, between 
the South Latitude of three and ten Degrees, being near the 

* Meridian of the North End of Madagaſcar, and between two 
* — twelve South Latitude, being near Sumatra and Java; 
the contrary Winds from the North-weſt, or between the 
North and Weſt, ſet in, and blow for half a Year, Viz, 
* from the Beginning of December till May: And this . 
* js obſerved as far as the Molucca Iſles. 

3. That to the Northward of three South Lati- | 
„ tude, over the whole Arabian and Indian and Gulf of 
«© Bengal, from Sumatra to the Coaſt of Africa,' there is an- 
other Monſoon, blowing from Q&eber, to April, upon the. 
% North-caſt Points: But in the other half Vear, from — 
to October, upon the oppoſite Points of South - weſt and Weſt 
“ ſouth-weſt, and that with rather more Force than the other, 
accompanied with dark, rainy Weather; whereas the North- 
« eaſt blows clear. Tis bkewile to be noted, that the Winds 
are not ſo conſtant, either in Strength or Point, in the Gulf 
« of Bengal, as they are in the Indian Sea, where a certain 
« ſteady. Gale ſcarce ever fails. Tis alſo remarkable, that 
t the Couch. wel Winds, in theſe Seas, are generally more 
* ſoutherly on the African Sade; N more weſterly on 2 

Indian. 


< 
_ 


40 
9 4 There is a Tract of Sea to the Southward of the 
Eguator, ſubject to the fame C of tbe Winds, wiz. 
near the African Coaſt, between it and the Iſland Madagaſcar, 
«« or St. Laurence, and from thence Northwards, as far as the - 
„% Lire; wherein from April to October, there is found a con- 
« ſtant freſh South - ſouth· weſt Wind, which, as you go moro 
northerly, becomes ſtill more and more weſterly, ſo as to fall 
in with the Weſt-ſouth-weſt Winds, mentioned before in thoſe 

4% Months of the Year to be certain to the Northward of the 
& Equator What Winds blow in thoſe Seas, for the other 
6“ half Year, I have not yet been able to obtain to my full Satiſ- 


* Een: "The Account which has been given me, is The 


» = 
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move till the next Return of the Sun, ſo much 
of its Motion as was loſt by his Abſence, is 
again reſtored, and therefore the eaſterly Wind 
becomes Perpetual. \ # 


| 8 ; .: 
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That the Winds are much eaſterly hereabouts, and as often to 
5+ the North of the true Eaſt, as to the Southward thereof. 
4 5. That to the Eaſtward of Sumatra and Malacca, to the 
«..Northwards of the Line; and along the Coaſt of Camboia 
and China, the Mom ſoons blow North and South; that is to 
* ay, the North - eaſt Winds are much northerly, and the 
South · weſt much ſoutherly. This Conſtitution reaches to the 
4 of the Philippine Iſles, and as far northerly as 
Japan the northern Monſoox ſetting in, in theſe Seas, in 
October or Navember ; and the ſouthern in May, blowing all 
the Summer Months. Here it is to be noted, that the Points 
of the Compaſs from whence the Winds come, in theſe Parts 
of the World, are not ſo fixed, as thoſe lately deſcnbed ; for 
the ſoutherly will frequently paſs a Point or two to the Eaſt- 
% wards of the South, and the northerly as much as to the 
Weſtwards of the North, which ſeems occafioned by the great 
„ Quantity of Land which is interſperſed in theſe Seas. 
6. That in the ſame Meridians, but to the Southwards of 
4, the Equator, being that Tract lying between Sumatra and 
2 Java to the Welt, and New Guinea to the Eaſt, the ſame 
4 northerly and ſoutherly Man/oons are obſerved ; but with this 
„Difference, that the Inclination of the northerly is towards 
7 the North - weſt, and of the ſoutherly, towards the South - 
«© eaſt ; But the Plagæ Venti arg not more conſtant here than 
in the former, viz. variable hve or fix Points. Beſides, tha 
Times of the Change of theſe Winds are not the ſame, as in 
the Chine/e Seas, but about a Month, or fix Werks lter. 
7. That the contrary Winds do not ſhiſt all at once, but in 


g 1 


« {ome Places the Lime of the is attended with Calis, 
in others with arable Winds ; and it is particularly remark- 
& able, that the End of the weſterly Mo»/oor, in the Seas of 
(Hina, are very ſubject to be tempeſtuqus. The Violence of 
ce theſe Storms is ſuch, that they ſeem. to be of the Nature of 
% the Mes- India Hurricanes, and render, the Navigation: of 
'« theſe Parts very unſafe about that Time of Year. . Theſe 
ad wann 
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Some are inclined to think, that the con- 
tinual ſhifting of the Sun to the Weſtward, 
ſhould produce a weſterly Wind under che 
Equator, by cauſing the Current of the Air 
Gourthe Welt to . and over- balance that, 


Tempeſts are by our Seamen, aN 
. of the Monſootts. — | py 
eee. Third Ocean, called More Pacificum, whoſe Ex- - 
1 tent is equal to that of the other two (it being from the Weſt 
«Coaſt of America to the Philippine 1 „ not leſs than an 
* hundred and fifty Degrees of Longitude) is that which is leaſt 
* known'to our own, of the neighbouring Nations: That Navi- 
* 18 that there is on it, is by Spaniards, who | 
ly from the Coaft of New Spam to the Manilha's : 


= « ys but by one beaten Tract; ſo that I cannot be ſo 


a here, as in the other Two. What the Spaniſh Authors fay 7 
& the Winds, they find in their Courſes; and what is confirmed 

« by the old Accounts of Drake and Casa , and fince by 
. Schootern, who failed the whole Breadth this Sea, m the 
as « ſouthern Latitude of fifteen or fixteen Degrees, i is, that there is 

a great Conformity between the tn \ of this Sea, thoſe 
« of the Atlantic and ip thiopic ; that is to fay, that to the North- 
« ward of the Equator, the predominant ind is between the 
«© Eaſt and North-eaft ; — to the Southwards thereof, there 
4 ig a conſtant, ſteady Gale, between the Eaſt and South-eaſt, 
« and that on both Sides the Le, with ſo much Conſtan 
« that they ſcarce ever need to attend the Sails; and Stren ' 4 
* that it is rare to fail of eroſſing this vaſt Ocean in ten Weeks 
« Time; which i is about an hundred and thirty Miles a Day : 
2 Beſides, tis ſaid, that Storms and Tempeſts are never known 
00 in theſe Parts, wherefore ſome K as 


* ſhort a Voyage he Coe 6. to go by the Streights 


« of Magellan, as b Cape of Good Hope. 
- a= The Limits of theſe General Winds are much the ſame as 
« in the Atlantic Sea, wiz. about the thirtieth D of La- 
a titude on both Sides. Beſides, a farther Analogy etween the 
Winds of this and the = ir, ery in that, 
tt that upon the Coaſts of Peru, oy ways much ſoutherly, 
- like as they are found near the ores of ele a 
which 


— 2 


% 
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which o it from the Eaſt. For, wheres 
as the E Air retains its Heat ſome time 
after the Sur! is removed from it, it muſt al- 
ways be rarefied to a greater ee, and alſo 
to a greater Diſtance from the Place to which 
the Sun is vertical, than the weſtern Air is; 

and therefore the weſtern Aw, being more 
ponderous, ſhould be an Over-halance for the 
eaſtern, and drive the Current before it. 
But it is to be obſerved, that we are not to 
conſider the Point to whidy the Sun is ver- 
tical, but the Point of greateſt Rarefaction 
(which, upon Account of the Sun's Motion t 


the Weſtward, lies always to the Faftward); 


and then fee, which Side of the Column of 
Air, incumbent Te that Point ſuſtains a 
greater Preffure from the n c;aibouring Co. 
lumns. although bay, Air is is 8 

even farther to the Eaſt of this Point, than'to 
the Weſt, yet ſtill, if we ſuppoſe the Point 
1 Keep its place, the Air over it will fuſtain 
am equal Degree of Preſſure on each Side. 
For, fince no Columm can be aſſigned on the 


weſtern Side, but one alſo on the eaſtern; 


may be found under an equal Degree of Rare - 
faction, and therefore of the ſame fpecific Gra- 
vity: and fince Fluids of equal Heights, and 
the fame ſpecific Gravities — be the 
Breadth of their Columns) preſ e 7 05 againſt 
Objects, (Cbap. I. ho 

evident * * Gene EX Air, N 
- 


R 
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Point of greateſt Rarefaction, i preſſed equal- 


Ip both Ways; and fo, upon this Suppoſition, 


each Wind will. blow towards that Point with 
equal Force. But, if we ſuppoſe the Point 
of greateſt Rarefaction to ſhift towards the 
Weſt, we ſhall find, that this Æquilibrium 
will by that Means be deſtroyed, and the 
Motion of the Air (upon the whole) deter- 
mined that Way. For let us conſider any 
Portion of the weſtern Air approaching to- 
wards the Point of greateſt Rarefaction, if that 
Point ſhifts, in the mean Time, towards the 
Weſt, then will that Portion reach the faid 
Point ſooner than it otherwiſe would have 
done; thereby loſing a Part of its Motion, by 
which Means the weſterly Current will be di- 
miniſh'd. Again, if, while the Eaſt Wind 
blows towards the Point of greateſt RarefaCtion, 
that Point moves on before it, then will the 
eaſtern Air have a greater Quantity of Motion, 
than it otherwiſe would have had; that, which 
ſhould have been an Impediment to it, being, 
upon this Suppoſition, in ſome Meaſure with 
drawn; and ſo the Eaſt Wind will be aug- 
mented. Thus, the Weſt Wind having'its 
Force lefſen'd by the Motion of the Sun, — 
the Eaſt one being increaſed, the latter at 
length as it were abſorbs the former, and car- 
nies it away in its own Direction. 
2. On each Side of the Equator, to 5 
5 thirteth Degree of Latitude, the Wind is 


21147 #> found. 
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found, to vary from the Eaſt Point, ſo as to 
become North-eaſt on the northern Sides and 
South-eaſt an the ſouthern. 174 {54/05 ; 
The Reaſon. of which is, that, 3 | 
terial Parts are hotter than any other, both the 
northern and ſouthern Air, nth to have a 
Tendency that Way; the northern Current 

therefore, meeting in this Paſſage with the 

eaſtern, produces a North- eaſt Wind on that 
Side; as — Current joining with 
' the fame, on the other Side the Bquat, forms 
a South-caſt Wind there 

Theſe two Prapoſitiansare to be nodes 
of open Seas, and of ſueh Parts of them as are 
diſtant from: the Land! for near the Shores, 
where the Air is much rare 
fied, by the Reflection of the Sun's Heat from 


the Land, Wan — . 


ge * 2-14 

On the Guinea Coaſt, the Wind always 
* in upon the Land, blowing weſterly in- 
ſtead of eaſterly. This is becauſe the Deſerts 
of Aßrica lying near the Equator, and being a 
very ſandy Soil, reflect a great Degree of Heat 
| into the Air above them. This therefore be» 
ing rendered lighter than that Which is over 
the Sea, the Wind continually ruſhes in upon 
the Land to reſtore the 2 e 

4. That Part of the Ocean, which is called 
Gn Rains, is attended with perpetual Calms, 


the Wind ſcarce: blowing ſenſibly either one 
R 2 | Way 


| 
| 
| 
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Way or other, (See its Situation deſcyibed in 


Note, Page 119, Remark 7th). For this Tract 


being placed between the weſterly Wind blow - 
ing 5 thence towards the Coaſt of Guinea; 


e el Wind blowing from the ſame 
Place to the Weſtward — the Air ſtands 


in Æquilibrio between both, and its Gravity is 


| | ſo much diminiſhed thereby, that-it is not able 


to ſupport the Vapour it contains, but lets it 


fall in continual Rain, from whence this Part 
8 has its Name. 


5. There is a of Winds, obſervable 
in. ſome Places within the Tropics, called by 
the Sailors Monſcons, which, during fix Months 
of the Year, blow one Way; 5 2 


ing Ur che contrary, N. $61 1 
1 this: 
Tr 


The Occafton of them i 12 
there are ſeveral Countries, as Arabia, P 
India, &c. which become hotter, and r 
more Heat than the Seas beyond — ene 
which the Syn has left; the Winds therefore, 
inftead of blowing from thence to the Parts 
under the Equator, blow the contrary Way ; 
and when the Sun leaves thoſe Countries, and 
dravvs near the other Trafte, the Winds turn 
about, e eee alte Feist ef al. 


Sale Rege of wan Winds | raking 


| them more than ordinarily uſeful in Nang 
TH they are from 6 Trads 


Winds. 
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Winds, As to other Circumſtances relating 


| Note; all which mig 
eaſily be ſolved upon the ſame Principle, had 
we Data to go ination, Heat, Cold, Be. 


. — the R Fthe general Tas 
Winds is owing to the diurnal Motion of the Moon from 
Eaſt to Welt. © For, as the Sun renders the Air lighter 
its Heat, ſo does the Moon by attrafting it, in the fame 
er, as it does che Seq; in raiſing the : But it is to. 
be abſerved, that as the Moon acts — ö 
3 of the Air, and as th 

ned, and therefore more at Liberty 
Whois the Equiſibrizm it wilt from hence follow, that the 


xuthing in of the ſuperior Atmo 
ane, wen e wa —— 


. ͤ— ⁵ꝛÄ2 en OOO 
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any one Point more than to another, it will 
determine it to move in * ſame Direction 


with itſelf. © 
In our own Climate we Ae endy expe- 


_rience, in calm Weather, gentle Breezes blow- 
ing from the Sea to the Land, in the Heat of 
the Day ; which Phenomenon is very agreo- 


able to the Principle laid down above: For 


the inferior Air over the Land being rarefied 
by the Beams of the Sun, reflected from its 


Sur face, more than that which impends over 
the Water which reflects fewer, the latter is 


conſtantly moving on to the Shore, in order 


to reſtore the Aquilibrium, when not di- 
Wurden by ſtrunger wan ms anos _ 


From What has bois ee nothimrs is 
more eaſy than to ſee, why the northern and 
ſouthern Parts of the World, beyond the Li- 
mits of the 7 e Winds, a ure: e to ſuch 


2 


4 Tn Confirmation of this, we aeg an ealy, 2 very. hor 
tinent Experiment, related by Mr. Care, in his Motion of 
Fluids. Take, /ays he, a large Diſh, fill it with cold Water; 
into the Middle of this put a Water. Plate, filled with warm 
Water. The firſt will repreſent the Ocean; and the other 
% an Iſland, marefying the Air above it. Blow out a Wax 
Candle, and if the Place be ſtill, on applying it ſucceſſiyely 
« ta every Side of the Diſli, the fuligingus Particles of the 
% Smoak, bong viſible and very light, will be ſeen to m 

« towards the Plate, and riſing over it, point out the 

<E of the Air from Sea to Land. Again, 3 if the ambient Water 
be warmed, and the Plate filled wiih cold Water, let the 
„ ſmoaking Wick of the Candle be held over the Plate, and 


the contrary will happen. 
Variety 


Tels 
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Variety of Winds. For the Air, upon Ac- 
count of the leſſer Influence of the Sun in thoſe + 
Parts, being undetermined to move towards 
any fixed Point, is continually ſhifting from 
Place to Place, in order to reſtore the Aqguz/i- 
brium, wherever it is deſtroyed ; whether by 
the Heat of the Sung the riſing of Vapours, 
or Exhalations, the melting of Snow upon the 
Mountains, and a great Variety of other Cir- 
ae more than can be ply * 
rated. | 
"We : are told by Hiſtorians, of cory * 


that emit Wind; if ſo, it is when the included 


Air is rarefied by Heat, and therefore ruſhes 
out for want of Room; or, hen the Preſſure 
of the external Air, cum upon the Mouth 
of the Cave, is diminiſhed, and ſo r . 
internal Air to dilate itſelf, and iſſue out. | 


For more:on this Subject, ſee M 8 | 
Religious Philoſopher. Regnault's Philoſo- 
phical Converſations, Clare's Motion of Fluids. 
Ir rin s Philoſoghical Grammar. And the 
Authors referred to in Mr. Zoho” — By 


FRI. Pte Que does TAY 
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DISSERTATLON VI. 


Of the Formation and fie of Fa- 
Four and their Reſolution into 
Rain, Snow, and Hail. | 51. 


HAT Vijonts are raiſed from! the Sui 
face of Water by the Action of the Sun's 
Heat, is agreed on by all: But the Manner in 
which this is done, has ever been a Controverfy - 
among Philofophers ; neither is it at this Time 
ſufficiently e by any one. 

If we confult a Carteſian: this Matter, 
he immediately tells us, that, by the Action of 
the Sun apon the Water, ſmall Particles of the 
Water, are formed into hollow Spheres, filled 
with Materia Subtilis, and by that Means be- 
coming lighter than an equal Bulk of Air, are 
eaſily buoyed up in it. But, as this Materia 
Subtifs is only à Fiction, this Solution 1 not 
to be regarded. 

Dr. | Nieuwenty!, and {vera other Philo- 
ſophers, who 1 that Fire is a parti- 
cular Sibſtance, diſtinct from other Matter, 
account for the Formation and Aſcent of Va- 
pours thus: They fay, that the Rays of the 
Sun, or Particles of Fire ſeparated from them, 
adhering to Particles of the Water, make 
41 up 
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up little Bodies, lighter than an. equal Bulk 
of Air; which therefore, by the Laws of Hy- 
droſtatics, will aſcend in it, till they come to 
an Height where the Air is of the ſame ſpecific 
Gravity with themſelves. And, that Rain 1s 
produced by the Separation of the Particles of - 
the Fire from thoſe of the Water; which laſt, 
being then left without Support, can no longer 
be ſuſtained by Go Air, but falls down in 
Drops of Rains * 

This Opinion is s liable to the following Dit: 
ficulties; Firft, Fire has never been yet pro- 
ved to be a diſtinct Element, or a rticular 
Subſtance ; and the Change of, Weg, in 
Bodies in chymical Preparations, heretofore 
thought to ariſe from the Adheſion of Particles 
of Fir ire, is found to 8 from the Adheſion 
of Particles of Air & 

Secondly, Should the 33 Sup- 
poſition. be allowed, the fiery Particles, which 
are joined to the watery ones to buoy them 
up, muſt be conſiderably large; or 2 
great Number muſt fix upon a ſingle article 
of Water; and then a Perſon pope on the 
Top of an Hill in a Cloud, would be ſenſible 
of the Heat, and find the Rain produced.from 
that Vapour, much colder than = anch it⸗ 


«+ 


See Mumu 5 Religious Phil oſopher Contempl. 19. 
I See the Authors referred to in — 5 Wees, 
Philoſoph. Cap. I. Quæſt. zo. 77 2 
$ By Dr. * in his is wepetatey Statics. 
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ſelf: whereas the contrary is evident to our 
Senſes; the Tops of Hills, though in the 
Clouds, being much colder than the Rain 
which falls below. 

HBeſides, the Manner in which the Particles 
of Water ſhould be ſeparated from thoſe of 
the Fire, ſo as to fall @ Reta, is not eafily to 
be conceived. 

The moſt generally ed Opinion is, 
That by the Action of the Sun, on the Surface 
of the Water, the aqueous Particles become 
formed into Bubbles, filled with a Hatus, or 
warm Ar, which renders them ſpecifically 
lighter than common Air, and makes them 
riſe therein, till they meet with ſuch as is of 
the fame ſpecific Gravity with themſelves *. 
But I aſk, 

 Pirſh, How comes the Air in the Bubbles 
to be ſpecifically lighter than that without, 
fince the Sun's Rays, which a& upon the 
Water from whence they raiſed, are Ren; 
denſe over all its Surface? 

Secondly, If it could be poſſible for meer 
Air to be ſeparated from the denſer ambient 
Air, to form the Bubbles (as Bubbles of ſoaped 
Water are blown up by warm Air from the 
Lungs, whilſt the ambient Air is colder and 
denſer) what would hinder the external Air 
from reducing that, which is incloſed in the 
Bubbles, immediately to the ſame Degree of 


» 1 Philoſophical Tranſactions, No, 192. 


Cold- 
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Coldneſs, and ſpecific Gravity with ente 
(Cold being readily communicated thr ough 
ſuch thin Shells of Water), By which means, 
the Bubbles would become Secifical y heavier 
than the circumambient RP and would no 
longer be ſupported therein; but fall down, 
almoſt as ſoon as they were formed ? | 

Thirdly, If we' ſhould grant all the reſt of 
the Suppoſition, yet the following Difficulty 
will ſtill remain. If Clouds are ad up of 
Bubbles of Water filled with Air, why do not 
thoſe Bubbles always expand, when the ambi» 
ent Air is rarefied, and preſſes leſs upon them 
than it did before; and why are they not con- 
denſed, when che ambient Ai is condenſed by 
the Accumulation of the ſuperior Air? Hut if 
this Condenſation and Rarefaction ſhould hap- 
pen to them, the Clouds would always contiuue 
at the ſame Height, contrary to Obſervation ; ; 
and. we ſhould never have any * 

The two laſt Opinions are more largely ex. 
amined by Dr. Deo guliers in the Philoſophical 
Tranſactions NY. 407. After which he en- 
deayours to eſtabliſh gne of his W n. 

He obſerves, with ir Iſacc Newton, that, 
when by Heat or Fermentation the Particles 
of a Body are ſeparated from their Contact, 
their repulfive Force grows ſtronger, and the 
Particles exert that Force at greater Diftances ; 
ſo that the ſame. Body ſhall be expanded into 
a Te large Space, by becoming fluid; and 

8 2 may 
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may ſometimes take up more than a Million 
of Times the Room it did in a ſolid and in- 
compreſſible State. Thus, fays he, if the 
* Particles of Water are turned into Vapour, 
ur by repelling each other ſtrongly, and repel 
« Air more than they — 5 each other; Ag- 
e gregates of ſuch Particles, made u 5er Va- 
* pour and Vacuity, may riſe in Air of different 
** Denſities, according to their own Denſity 
depending on their Degree” of Heat. He 
obſerves farther, that Heat acts more power- 
fully on Water, than on common Air; for that 
the ſame Degree of Heat, which rarefies Air 
two Thirds, will rarefy Water near fourteen 
thouſand Times, changing ik into Steam or 
Vaponr as it boils it. And in Winter, that 
fmall Degree of Heat, which in Reſpect of our 
ies appears cold, will raiſe a Steam or Va- 
our. from Water, at the fame Time that it 
condenſes Air. Laſtly, he obſerves; That the 
Denſity and Rarity of this Vapour depends 
chiefly on its Degree of Heat, and but little on 
the Preſſure of the circumambient Air. From 
| which he infers the Vapour bei 

. rarefied near e of oy Earth 
than the Air is there By the fame Degree of 
Heat, muſt neceſfarily be buoyed up into the 
Atmoſphere; and ſince it does not expand it- 
ſelf much, though the Preffure of the incum- 
nt Air grows lefs, at length it finds a Place 
Where t the Atmoſphere 3 is of the ſame ſpecific 
| Gravity 
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Gravity with itſelf, and there floats, till by ſome 
Accident or other, it is converted again into 
Drops of Water, and falls down in Rin. 

And to ſhew that Air is not neceſſary for 
the Formation of Steam or Vapour, he gives 
us this Experiment. Eee 
_ « ABCD (Fig. 37.) is a pretty large Veſ- 
e ſel of Water, which muſt be ſet upon the 
Fire to boil. In this Veſſel muſt be ſuſpend- 
« ed the Glas Bell E, made heavy enough 
* to fink in Water; but put in, in ſuch a 
« Manner, that it be filled with Water when 
<« upright, without any Bubbles of Air at it 
« Crown within, the Crown being all under 
«© Water. As the Water boils, the Bell will 
«© by Degrees be emptied of its Water, the 
Water in the Bell being preſſed down by 
& the Steam which riſes from it; but, as that 
Steam has the Appearance of Air, in Order 
ce to know whether it be Air or not, take the 
«. Veſſel off the Fire, and draw up the Bell 
e by a String faſtened to its Knob at Top, 
ce till only the Mouth remains under Water; 
« then as the Steam condenſes by the cold Air 
<< on the Outſide of the Bell, the Water will 
< riſe up into the Bell at F, quite to the Top, 
e without any Bubble above it; which ſhews, 
< that the Steam, which kept out the Water, 
Faun 2 795 ee -7 89420 9 292 
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This Hypotheſis, however plauſible it may 
appear, is attended with Difficulties, as well 
as the other. For, 

Firſt, If the repulſive Power of the Particles 
of Water is ſufficiently augmented by Heat as 
ſuch (and that by a very ſmall Degree of it) 

to make them recede from each 8 and be- 
come ſpecifically lighter than common Air; 
how comes it to paſs, that all the Particles of 
Water, as ſoon as, or before it boils, have not 
their repulſive Forces thus augmented, fince 
they are all under a much greater Degree of 
Heat, than is neceſſary to raiſe, Vapour?  _ 

"Secondly, Allowing that they may riſe. off 
from the Surface of, the Water, and float in 
the circumambient Air, as being lighter than 
it, why do not their repulſive Forces, as they 
riſe up into the Air, and the ſuperincumbent 
Preſſure becomes leſs, driye them to greater 
Diſtances from each other, and ſo cauſe them 
to continue lighter than the Air about them 
at all Heights? 
WMirah, If the Preſſure of the Air about 

hens, when near the Surface. of the Earth, is 
not ſufficient to bring them into ſo cloſe Con- 
tact, as to.form Drops of Water there, what 
Force will they find ſufficient for it, when they 
are carried aloft into a Region of Air, where 
the Preſſure is not near ſo great? The Doctor 


hints, that they are formed into Rain, when 


1 7 the great Diminution of the * Gra- 
| | Vity | 
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te vity of the Air about a Cloud, it has a great 
„ Way to fall, in which Caſe, he fays, the 
« Reſiſtancs"of-the- Air, which increaſes as 
te the Square of the Velocity of the deſcend= 
* ing Cloud, cauſes the floating Particles of 
« Water to come within the Power of each 
te other's Attraction, and form ſuch big Drops 
« as, being ſpecifically heavier than any Air, 
« muſt fall in Rain.“ But as the inferior Air, 
from the Cloud to a confiderable Depth below 
it, cannot be ſuppoſed to leave it all at once, 
the Vapours mult neceſſarily fall all the Way 
through a reſiſting Medium; ſo that the little 
Velocity the Cloud can wo while it is in 
the Ferm of Vapour, will never produce a 
Reſiſtance from the Air greater than the Preſ- 
fare which the Vapours ſuſtained below. 
Lafth, The Experiment, brought to make 


Way for this Hypotheſis, ſhows clearly, that 
Vapour formed without the Aſſiſtance of Air, 
is immediately condenſed into Water again, as 
ſoon as it is ſuffered * cool: Which is 9 | 
different from what happens to Vapours buoy 

up into the coldef Wm of ll Air, and 
floating there, till they fall in Rain, 8 


Theſe are all, or ther Mecipel Hypotheſes, 
that have been framed for the Solation of this 
common Phenomenon : Which as they ſeem 
inadequate to the Effects produced, and there- 
fore unſatisfactory, I thought it not ai to 
on a | ug C 
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ſuggeſt to the Neader the chief Difficulties, with 
which I conceive them to be attended. But 
as it is eaſier to pull down, than to build up, to 
overturn a weak Hypothefis, than to raiſe and 
ſupport a ſtrong and ſufficient one; ſo, I muſt 
own, in this Caſe, I can think * no 4 8 
accounting for the Ne of Va 
to the received * 0 Philoſophy, 0 
ſay wherein their Nature conſiſts. Upon this 
Account it is impoſſible I ſhould give a Philo- 
ſophical Account of their Reſolution into 
Rain. It muſt ſuffice juſt to mention the Cauſes 
-which are obſerved to produce that Chan 
The firſt is, Part of the Air beneath = 
being carried away by contrary Winds blowing 
from the ſame Place *, the Remainder be- 
comes too light to buoy them up, and ſo the 
upper ones, in all Probability, precipitate down 
upon the lower ones, unite with them, and 
forms * of Rain 1. Another is = 


12 Perhaps i it may be 8 that when the Air, which is im- 

= over any Place, is carried away from thence by contrary 
Winds, the Vapours which float in it ſhould be carried away 
too; and ſo the few that remain ſhould be eaſily ſupported ; 
or, if they fall, ſhould not produce much Rain. 

Now, in anſwer to this, it muſt be conſidered, that as the in- 
ferior Air is carried awayrom any Place by contrary Winds, the 
Height of the Atmoſphere is Jiminiſhed Grreby ; wherefore, i in 
all a the fa uperior Air ruſhes in by a contrary Current 
to fill up the Vacuity at the Top, which bringing in its Contents 
of Vapour affords a continual Supply for the Rain that falls. 

I A remarkable Inſtance we have of this, in that Part of the 

1 which che Sailors call the Rains, (ſee — | 


4 


Diſſ. VI. Aſcent of V apours, &c. 139 
Quantites of them, being driven by the Winds 
againſt the Sides of Mountains, are thereby 
made to coaleſce, and ſo conſtitute Rain *. 1 


from the frequent Rains that fall there: the Occaſion of which 


- - N * 


is, that the Atmoſphere is diminiſhed by continual contrary 
inds blowing from thence, ſo that it is not able to ſuſtain the 
Vapour it receives. _ 1 . 
Upon this depends the Difference of the Seaſons of the Year 
at Malabar and Coromandel in the Eaft-Indies, and at Jamaica 
in the Weſt. See Dr. Gordon's Diſcourſe on, the Cauſes of the 
8 Weather, Philoſophical Tranſactions, No. 17. 
«x , 
cc 


vers of Indus and Ganges, ſays he, where they enter tha 
Ocean, contain between them a large Cher /oneſus; which is di- 
« vided in the Middle by a Ridge of Hills, which they call the 
Gate, which run along from Eaſt to Weſt, and quite through 
« to Cape Comori. On the one Side is Ma/abar, and on the othex 
« Coromandel. On the Malabar Side, between that Ridge of 
% Mountains and. the Sea, it is after their Appellation Summer 
1 from September till April; in which Time it is always a clear 
«« Sky, without once, or very little Raining. On the other Side 
« the Hills, on the Coaſt of Coromandel, it is at 7 s Time 
their Winter, every Day and Night yielding Abundance of 
« Rain, and from Ai to September : is, on the Ma/avgr Side 
«« their Winter, and on the other Side their Summer: So that 
« in little more than twenty Leagues Journey in ſome Places, ag 
« where they croſs the Hills to St. Themas, on the one Side of 
« the Hill you aſcend with a fair Summer; on the other you 
«« deſcend with a ſtormy Winter. The like is ſaid to be atCape 
« Razalgate in Arabia. And Dr. Tropham relates the ſame of 
« Jamaica, intimating that there is a Ridge of Hills which runs 
« from Eaſt to Weſt, through the midit of the Iſland, and that 
« the Plantations on the South Side of the Hills have, from 
1% November to April, a continual Summer, whilſt thoſe on the 
« North Side have as conſtant a Winter; and the contrary from 
4 April to November. | | | 
From theſe and ſuch like Accounts it ſeems eyident, that a 
* bare ing of the Atmoſphere's Gravity will not 
« Rain, but that there is alſo needful either a ſudden Change of 
% Winds, or a Ridge of Hills to meet the Current of the Air and 
% Va whereby the Particles of the Vapours are driven to» 
* 8 ſo fall down in 3 and * 


„ „ a 


/ 


beyond any other Parts of the Earth, and ſcems to be aſſigned 
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I is generally thought, That if the Vapours 

in their Deſcent paſs through a Region of Air 
ſufficiently cold; they are there frozen ints 
7 Icicles, 


„ that whilt the Wind blows from the Notth-caft, bin fivin 


« Nowember to April (ſee the Account of the Monſoons in the 


ing Diſſertation) © there are continual Rains in the 


« northerly Plantations of Jamaica, and on the Side of Coroman- 
4 del in the Eaft-Indies, becauſe the Winds beat againſt that Side 
& of the Hills; and ſo there is fair Weather on the other Side 
4 of theſe Hills, in Malabar and in the ſouthern Plantations of 
% Jamaica, there being no Winds to drive the Vapours - 
« ther, But in the ſoutherly Monſoons, wiz. from April to No- 
« yember, Malabar and the ſoutherly Plantations of Jamaica 
& have Floods of Rain, the Wind beating againſt that Side of 
« the Hills, whilſt in Coromandel, and the Side of Jamaica, 
4 there is fair and clear Weather, wh 

This ſerves alſo to clear the Singularity of Seaſons in Peru 


« by Acoſta as the Cauſe of it. Peru runs along from the Line 
4% Southwards about a thouſand Leagues. It is faid to be divided 
# into three Parts, long and narrow, which they call Laos, 


4 Sjerras, and Andes; the Lancs, or Plains, run along the South- 


« Sea Coaſt; the Sierras are all Hills with ſome Vallies ; and 
« the Andes ſteep and craggy Mountains. The Lanos have ſome 
& ten Leagues in Breadth, in ſome Parts leſs, and in fome more; 
« the Sierra; contain ſome twenty Leagues in Breadth, the Andes 
« 2; much, ſometi mes more, ſometimes leſs ; they run in Len 

« from North to South, and in Breadth from Eaſt to Weft. 'Thi: 
« Part of the World is faid to have theſe remarkable Things: 
« . All along the Coaſt, in the Lanes, it blows continually with 


0 one only Wind, which is South and Sonth-weſt, con to 


« that which uſually blows under the torrid Zone. 2. It never 


4c though there falls ſometimes a ſmall Dew. 3. Upon the 
« Andes it rains almoſt continually, though it be ſometimes 


* more clear than other. 4. In the Sierras, which lie be- 


ee tween both Extreams, it rains from September to April, but 
& in the other 8c ons it is more clear, which is when the Sun 
« is fartheſt off, and the contrary when it is neareſt, Now 


e the Reaſon of all ſeems to be this; The eaſtern Breezes, 


2 which blow conſtantly under the Live, being ftopp'd in their 


« Courle 


« rains, thunders, ſnows, or hails in all this Coaſt, or Lanes, 


®} 
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Jeicles and form Snow. But this Opinion ſeems 
to be falſe; becauſe it frequently mos when 
the Barometer is high, at which Time the Va- 
pours cannot begin to fall. It is therefore more 
probable, that they are firſt frozen into Icicles, 
and by that means 1 forth into ſever Fn 
Points every Way from the Center (agreeab 

to tae Nature of Freezing) loſe their? Fo, ; 


and ſo becoming ſpecifically heavier than Air 
fall down, and in their Paſſage, ſeveral being 
congealed together, form Fleeces of Snow +. - 
Hail is evidently no other than Drops of 

Rain cangealed into Ice. This happens, when 
in their Paſſage through the inferior Air, they 


r Kat nts ny op: 
66 to be found in the Peru, as appears 
« by = ealy Voyages Pu Peru to the e 3 
„ of Wind blows from the och on the Plains #f Firs, 10 
40 py te extern Beer on ce South Se, an thee being ba : 
* -one conſtant Gale on theſe Plains, and no con Lad wg 
4 Hills for it to beat upon, this ſeems to be the mag he 
«« Vapours are never or very ſeldom driven into Rain. 
the Andes being as high perhaps in many — the Vo 
pours aſcend in the higheſt Degree of the Atmoſphere's Gra- 
4 * this may y be the Reaſon. why the eaſtern 
Breeze, beating copſtantly againſt theſe Hills, occaſions Rain 
n en Seafons of the Veer And the Sierra. | 
eems lower than the Andes, therefore from September to 
555 when the Sun is neareſt, and ſo the Atmoſphere's 
vity leſs, 9 e ee ee 
« the Sierras into Rain.” 


— which 
r 


ee e e 
Tano N. 92. ö | 
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meet with nitrous Particles, which are known 
to contribute greatly to Freezing. Their 
Magnitude is owing to a freſh Acceſſion of 
Matter, as they paſs along. Hence we ſee the 
Reaſon why Hail is iv frequent in Summer, 
' becauſe at that Time greater Quantities of Nitre 
are exhaled from the Earth, and float up and 
down in the Air. 

If the Vapours, after they are exhaled from 
off the Waters, do not riſe very high in the 
Atmoſphere, but hover near the Surface of the 
Earth, they then conſtitute what we call a 
Fog. And, if they aſcend higher, they till 
appear in the fame Form to thoſe, who, being 
upon the Tops or Sides of Mountains, are at 
an equal Height with them; though to thoſe, 
who are below, they appear as Clouds. 

If they fill to the Earth; without uniting 
into Drops large enough to. be called Rain, 
they are. then, aid to fall in Dew. 


See ertber on this Subject, Derham' 8 Phyſ 
Theolog. Book I. Chap. 3, and Book II. 
Chap. 5. Spectacle de la Nature, Dialog. 21, 
and 23. Nicumentyt Contempl. 19. Clare's 
Motion of Fluids. Regnault, Vol. III. Con- 
verſat. 3, Mufſchenbroek Epitom. Phyſ. Ma- 
themat. Par. II! Cap. 24. Melchior Verdries 
Phyſic. Pars ſpecial. Cap. V. F. 8. And the 
Authors referred to in Mr eo 8 Queſtiones 


Philoſoph. Sap. IV. * pt. 
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DISSERTATION, VIE 


Of the Cauſes of Thunder and Light: 
ning, and of the Aurora Borealis. 


HOSE Philoſophers, who maintain that 
| Vapours are buoyed up into the Air, by 
Particles of Fire adhering to them (as ex- 
plained in the foregoing Diſſertation) account 
for the Phænomena of Thunder and Lightning. 
in the following Manner, They ſuppoſe, that 
from the Particles of Sulphur, Nitre, and other 
eombuſtible Matter, which are exhaled from 
the Earth, and carried into the higher Regions 
of the Atmoſphere, together with the aſcend- 
ing Vapours, is formed an inflammable Sub- 
ſtance; which, when a ſufficient Quantity of 
' Particles is ſeparated from the * by 
the Collifion of two Clouds, or otherwiſe, 
takes Fire, and ſhoots out into a Train of 


Light, greater orleſs, according to the Strength 


and Quantity of the Materials. | | 
The Opinion is falſe for the Reaſons men- 
tioned in the foregoing Diſſertation, which 
plainly ſhow, that it is impoflible the Vapours 
ſhould be attended with ſuch fiery Particles, 
as is here ſuppoſed, ©"o_: /: 


9? 
* 
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N have we Occaſion to fly to ſuch an 
MAypotbeſis; for, as Vapours exhaled from the 
Sal r of the Water are carried up into — 
Atmoſphere: in like Manner, the E 
of ſolid Bodies are continually aſcending thi- 
ther : Now we find by Experiment, that there 
ſeveral inflammable Bodies, which, being 
ixed together in due Proportion, will kindle 
into Flame by Fermentation alone, without 
the Help of any * Particles f. When there- 
| 8 801 


. th fF 
228 e Theory o ermentaion explained in te folloy- 


Monteur Lemery having covered up in the Earth about 

1 Pounds of a Mixture compoſed of der Parts of Sulphur, 

and Filings of Iron tempered with Water ; after eight or nine 

fie 7 ö en whore it was laid; vomited up Flames. 
e 


700. 7 
From this 3 Wd the true Cauſe of the Fire of 
Etna and Veſuwius, and other Mountains. ' They pro- 
hably are Mountains of Sulphur, and ſome other Matter pro 


to ferment with it, and take Ie. From like Cauſes p 

the Rue Bath-waters, _ ther _ iQ 

Mix a ity of Gun-Paw I of Cloyes, 

ntly u ben d ird two or 9 much te 
2 and you will obſerve a bright Inflammation ſuddenly 
ariſing from i it. A Mixture of the two Fluids alone will take Fire ; 
the Powder is added only to augment the Inflammation. 

Take two Pounds of Nitre, or refined'Salt Petre well dried and 
reduced to the fineſt Powder, with a Pound of Oyl of common 
Vitriol: From this Mixture may be drawn by Diſtillatian a Spirit 
of Nitre capable of inflaming Oyl of Turpentine. Mem, de 
— I as p. 97, &c. fat into + Glas an Once ofthis 

a1 2 1 _ — 6954. 
aa 0 0 tine, and a v ne 

e with a loſion. When the 25 
freſh the Effect is muc —— If e mix a Dram of the 8 7h 
of Nitre and three of Oyl of Turpentine, ——— 


DIM VI. N Lightning, bet. 
fofe there happens to be a proper 
the Efabia of ſuch Bodies 
ey ferment, kindle; and 
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in the 
n ke 


Air, 
Gun- powder, oceaſion thoſe Exploſions, and 


Streams of Fire; When we call” Tirinder and 
Lightning, * 2 
As to the particular Species of the Efflevia, 
which compoſe this Mixture, that cannot ex- 
actly be determined; they are thought to be 
chiefly ſulphureous and nitrous : baron, 
—— of the ſulphureous Smell which Light- 
nerally leaves behind it, a1 of that 
faldy 


u Alc which @ banana the 
Fore-runner of it : nitrous, becauſe — — 
know of any Body fo liable to a ſudden and 
violent „ N. 5 | 


Sr nar Vi W Ir the 

I eriment be made with the Balm of Mecca, a fadiun 

ime wall ariſe, with a Noiſe like that of the Report of a Gun. 

There ate two celebrated Experiments of this Kind, though 

they do not come up ed to the preſent Purpoſe, becauſe 

a note hed , Unleſs the Ingredients be firſt heated, the 

of Aurum Lads, :nd the other of Pulvis fulminante 
firſt is a Mixture of Salt of Tartar, and Gold diſſolved by 

Aqua Regia. A ſmall Qualttity of this, if put into a Braſs 
and . with the Flame of a 7 cauſes a ſudden Noite 

"reſembling that of Thunder; an 1 * $ off with great Violence. 

The other is a Mixture of three Pars of Nitre, tw of Salt of 

Tartar, and one of Sulphur. This Mixture when ſet upon the 
Fire, and warmed to a certain Degree, is ted all on a ſud- 

den with great Thundering, like the Aurum fulminans. 

See an Account of Exhalations taking Fire of their own 
Accord in Coal-Pits. Povuer's Experimental Philoſophy, p. 62, 
and 181. 

Dr. Lifter is of Opinion, That the Matter both of Thunder 

und Lightning, and alſo of * is the of the 
yritet, 


re 0 f 
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The Effects of Thunder and Lightning ars 
owing to the ſudden and violent Agitation the 


Air is put into thereby, together with the 
Force of the Exp lofion * ; and not to Thun 


derbolts falling f = the Clouds, as ſuppoſed 
by the Vulgar +. 


Pyrites 3 as he 8 that the Matter of kene ne Pyrit 
_ * is a Mineral that emits copious Exhalations, and and is 
ingly apt to take Fire upon the Admiſſion of Moiſture. 
See _ octor's Defence of his Notion in the Philoſophical 
Tranſactions, Ne. 157. He thinks this may be the Reaſon = 
England is 10 little troubled with Earthquakes, and Ttaly, and 
almoit all Places round the Mediterranean Sea, ſo very 
_ wiz. becauſe the Pyrites are rarely found in England; 
where they are, they lie very thin, -in Compariſon of what th 
do i e as the vaſt Quantity of Sulphur, — 
from the burning Mountains there, ſeems to ſhew. 
Lightning is ſaid to have diſſolved Silver, without burning 
| .. e it was in; and to have melted the Sword, without 
the Scabbard, and the like,” The Occaſion A+ 4 
may polity be, that the Matter of the Exhalation ma 
that, as we fee it happen 
— open or Lala +, it may paſs through 2 A Bodies 22 
out altering their Texture, while it — it whole Force on 
hard ones, in which it finds the greater Reſiſtance. 
+ Some are inclined to think, that Thunderbolts are arti- 
Wa and that they were applied by the Ancients to ſome Uſe. _ 
| t confirms them in their Opinion, is, that they are found 
mah 2 where chres have been, than in other 
nd, as it was the Cuſtom'of the Ancients to have 
— Arms buried with * Aſhes, they think they might be 
of ſome Uſe in War, Some are of Opinion, they were uſed in 
 Sacrifices. See Melchior Yerdrie's Phyſic. Pars ſpecial Cap. V. 
$. 9. Wedelius Exercit. Med. Philol. Cont. II. I. p. 103. 
Schminckius Prof. Marpurg. Diſſertat. de Urnis Sepulchralibus, x 
& Armis Lapideis, A. 1714. Herman Nunningius Sepulchret. 
Weſtphal. Mimigard. til. p. 44+ Jo. Henr. Cabarſen 
PK” Hiſtor. Phyſic. p. 17. n 
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The Diſtance the Thunder is from us, 1 

deri be eſtimated by the Interval of Time 
betweeh our ſeeing the Lightning, and hearing 
the Thunder. For, as the Motion of Light 1s 
ſs very quick, that the Tithe it takes up, in 
coming to us from the Cloud, is not pete ep- 
tible; and as that of Sound is about a thou- 
ſand. Feet in a Second; allowing, a thouſand 
Feet for every Second, that t paſſes between our 
ſeeing the one, and hearing the other 5 we 
have the Diſtance of the Cloud, pretty nearly, 
from whence the Thunder comes. 

We ſometimes ſee Flaſhes of Lightning, 
the Sky be clear and free from Clouds; 
in this Cafe they proceed from Clouds, that 
uh immediately below our Horizon, © © | 


- of Affinity wide” the 3 of Lights 
ning are thoſe of the Auroru Borealis, or Vor- 
rhein Lights, Which, of late Years, have very 
zently appeared in our Climate *, Theſe 
Lights differ fo ugh" from each other, that to 
give « a e of- one alone, would not be 


H 3 e br WY i tabs been va, 
frequent in Greenland, dS 9 * 1 0 3 N Countries near 
the Pole. The only ones, that are upo * Buoprng as having. 

appeared in Eng land. before that of March the Sth, 1755," are, 
thoſe of a the Zoth, 1560 Ofober the 7th, 1564, N. 
vember 14th and 15th, 157% and a ſmall one ſeen near London. 
on tlie gth of Auguſt, 1708. On November the 16th, 170% a, 
ſmall one appeared in Irland, Since that of March the Sch; 
. they have been, and ſtill continue very common. 


"26 
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ſufficient to acquaint the Reader with all the 
Circumſtances herewith they are attended. 
I ſhall therefore collect together ſuch Phæno- 
mena, as have been moſt generally obſerved, 
and reduce them to the ten following Propoſi- 
tions, adding in the Notes, by Way of Speci-, 
men, a full Account of that moſt remarkable. 
Aurora, which was ſeen March the 6th 17785 


= 


as it was laid before the Royal Society by Dr. 


Halley, at their Requeſt f. "RY 
Frag | 44 5 { > 2 ＋ | | i "ry f 21 v4; The 


„ * 


+ On Tueſday the 6th of March, in the Year 1716 (che Af 
« ternoon having been very ſerene and calm, and ſomewhat 
warmer than ordinary) about the Time it began to grow dark 

< (much about ſeven of the Clock) not only in London, but in 
4 all Parts of Fng/and, where the Beginning of this wonderful 
« Sight was ſeen ; out of what ſeemed a duſæy Cloud, in the 
North: eaſt Parts of the Horizon, and ſcarce ten Degrees high, 
„ the Edges whereof were tinged with a reddiſh Vellow, like as 
« if the Moon had been hid behind it, there aroſe very long 
luminous Rays, or Streaks perpendicular to the Horizon, ſome 
« of which ſeemed nearly to aſcend to the b. Preſently af-. 
<<; ter, that reddiſn Cloud was ſwiftly propagated along the 
« northern Horizon into the North-weſtz and ſtill farther weſter- 
« ly; and immediately ſent forth its Rays from all Parts, -now 
«here, now there, they obſerving no Rule or Order in their ri- 
4 ing. Many of thoſe Rays, ſeeming to concur near the Zenith, 
4 formed there a Corona, or Image, which drew the Attention 
6 of all Spectators. Some likened it to that Repreſentation of 
% Glory, where with our Painters in Churches ſurround the oy 
4% Name of God: Others to thoſe radiating Stars, wherewith 
«© the Breaſts of Xights of the Order of the Garter are adorned. 
«© Many compared it to the Concave of the great 5; 9m of St. 
1 Paul's Church, diſtinguiſhed with Streaks alternately light and 
* gbſcure, and Having in the Middle a Spece leſs bright than the 

«" reſt, reſembling the Lanthorn. Whilſt others, to expreſs as 
« welt the Motion às F igure thereof, would have it to be like the. 
« Flame in an Oven, reverberated and rolling againſt the _— 
N cc 


7% 
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The moſt general Phænomena of an Aurora 


Borealis are theſt that follow 
1 In the northern Parts of POT 


there i is common the Appearance of a very 
blac 


it 4 


« Roof Weber; Some thought it liker to chat tremulous Light. 
e which is caſt againſt the Cieling by the Beams of the Sun, re- 
0 flected from the Surface of the Water in a Baſon, that's a little 
% ſhaken, But all agree, that this Spectrum laſted only a few 
% Minutes, and 5 itſelf variouſly tinged with Colours, 
« Yellow, Red, and a duſky Green; Nor did it keep in the 
« ſame Place ; for when firſt it it appeared a little to the 
10 Nonthwaids of the Zenith, but y Degrees declining towards 
«« the South, the long Striæ of Light, which aroſe from all 
«« Parts of the Northern Semicircle of the Horizon, ſeemed to 
„meet together, not much above the Head of Caſters, or the 
« . northern Tawing and there ſoon diſappeared. 
„After the firſt Inpetus of the aſcending Vapour x was over, 
1 the Corona appeared no more; but ſtill, without any Order, 
« as to Time or Place, or Size, ie Radii, like the br. 
« mer, continued to ariſe perpendicularly, now oftener; and 
6, again ſeldomer z now / here, now there; now larger, now 
“ ſhorter. Nor did they proceed as at firft,, out of a Cloud, 
but oftener would emerge at once out of the Sky, which 
* was more than ordinary ſerene and ſtill. Nor were they all 
« of the ſame Form. Moſt of them ſeemed * endin a. Point 
6c upwards, like erect Cones ; others like truncate Cones, or 
% Cylinders, ſo much reſembling the long Tails of Comets, 
that at firſt Sight, they might well be for ſuch. Some 
« of thoſe Rays would continue viſible for ſeveral Minutes 
„ when others, and thoſę the much greater Part, juſt ſhewe# 
70 .themſely es, and died away. Some ſeemed to have little Mo- 
90 tian, and to ſtand, as it were, fixed among the Stars, whilſt 
others, with a very perceptible Tranſlation, moved from Raft 
« to Weſt under the Pole, contrary to the Motion of the Hea- 
7 vens ; by which Means they would ſometimes ſeem to run 
« together, and at other Times to fly one another. * 
After this Sight had continued about an Hour and a half, 
«. 21 began to riſe much fewer in Number, and not near 
high ; and by abs cat diffuſed Light, which had dt 
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| black Cloud; but it is evident that it is no 
real Cloud, becauſe the ſmalleſt Stars are vi- 
fible through it. This apparent Cloud is ex- 
tended ſometimes farther towards the W 


OY 


« trated the northern Parts of the Hemiſphere, ſeemed to ſub- 
«« ſide, and ſettling on the Horizon, formed the Reſemblance of 
4 à very bright O epuſculum. That this was the State of this Phe- 
e nomenon, in the firſt Hours, is abundantly confirmed by the 
% unanimous Conſent of ſeveral. For, by the Letters we have 
ce received from almoſt all the extreme 4 Kingdom, 
c there is found very little Difference from wu red at 
London and Oxford ; unleſs that in the North of England, 
and in Scotland, the Light ſeemed ſomewhat ſtronger and 
<<. brighter. 1.57 K 
Hitherto I have related the Obſervations of others; as to 
„ myſelf, I had no Notice of this Matter, till about nine of the 
Clock: I immediately perceived toward the South and South- 
<< -weſt Quarter, that though the Sky was glear, yet it was tgnged 
with a ſtrange Sort of Light; ſo that the ſmaller Stars were 
„ ſcarce to be ſeen, and much as it is when the Moon of four 
% Days old appears after Twilight. I perceived at the ſame 
Time a very thin Vapour to paſs before us, which aroſe from 
<< the preciſe Eaſt Part of the Horizon, — — ve ſo 
< as to leave the Zenitb about fifteen or twenty to the 
4% Northward. But the Swiftneſs, wherewith it proceeded, was 
<. ſcarce to be believed, ſeeming not inferior to that of Light - 
„ ning; and exhibiting, as it paſſed on, a Sort of momentaneous 
% Nubetula, which diſcover'd itſelf by a very diluted and feint 
„ Whiteneſs; and was no ſooner formed, but before the Eye 
4 could well take it, it was gone, and left no Signs behind it. 
4 Nor was this a ſingle Appearance ; but for ſeveral Minutes, 
about fix or ſeven Jimes in a Minute, the ſame was again and 
again repeated; theſe Waves of Vapour regulary ſucceeding 
one another, and at Intervals very nearly equal; all of 
in their Aſcent producing a like tranſient Mubeculag. 
Buy this Particular we were firſt aſſured; that the Vapour we 
i ſaw, became conſpicuous by its own proper Light, withqut the 
Help of the Sun's Beams; for theſe Nubeculæ did not diſcover - 
<4. themſelves in any other Part of their Paſſage, but only between 
$ the Sauth-caſt and South, where being oppolite to the San, 
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than to the Eaſt; ſometimes further towards 


the Eaſt, than to the Weſt; and penerily takes 
5 of the Horiaon, more or ay; = 


= they were deepeſt immerſed in the Cone of the Farth's ha- 
«dow ; nor were they vifible before or aſter. Whereas the 
* contrary muſt have happened, had they borrowed theix 
& Ti np 0800 — | i DO 
On the weſtern Side of the northern Horizon, viz, between 
« Weſt and North-weſt, not much paſt ten of the Clock, I. oh. 
* ſerved the Repreſentation of a very bright Twilight, con- 
«« tiguous to the Horzzon, out of which, aroſe very long Beams 
ol Light, not exact erect towards the Vertex, but i 
«« declining towards the South; which, aſcending by a qui 
« and undulating Motion to a conſiderable Height, vaniſhed in 
F a little Time; whilſt others, though at uncertain Intervals, 
« ſupplied their Place. But at the Time, through all the 
« reſt of the northern Horizon, wiz, from the North-weſt ta 
«« the true Eaſt, there did not appear any Sign of Light to ariſe 
« from, or join to, the Horizon; but what appeared to be an 
t exceeding black and diſmal Cloud, ſeemed to over. all 
te that Part of it. Vet was it no Cloud, but only the ſerene Sky, 
« more than ordinary pure and limpid, ſo that the bright Stars 
* ſhone clearly in it, and particularly Canuda gm, than very. 
« low in the North: the great ; manyeltly proceedin 
« from the Neighbourhood of the Light, which was call 
«©, above it. For the Light had now put on a Form quite diſſerent 
« from all that we haye been deſcribing, and had faſhi itſell 
into the Shape of two Laminæ, or Streaks, lying in a Poſition 
« | to the Horizon, whole Edges were but ill terminated. 
« ITbey extended themſelves from the North by Eaſt to the 
<«« North-eaft, and were each about a Degree broad ;. the un- 
«« dermoſtabout eight or nine Degrees high, and the other about 
«. four or five ees over it; theſe kept their Places fora long 
« Time, and made the Sky fo light, that I believe a Man might 
« eaſily have read an ordinary rint by the Help thereof. ve 
__ «. Whilit I was viewing this ſurpriſing Eee and expecting 
hat was farther to come, the northern End of the Lea 
© ina by bent downwards, and at length with 
the End of the other tha was under it, ſo as to ſhut up on the 
North Side an intermediate Space, which ſtill continued open 
| 2 10 
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2. The upper Edge of this Cloud (which 
is ſometimes within leſs than ſix Degrees of 
the Horizon, and ſometimes forty or fifty above 
ry . it) 
* to the Eaſt. Not long after this, in the faid included Space, I 
* ſaw a great Number of {mall Columns, or whitiſh Streaks, to 
« appear ſuddenly ere& to the Horizon, and reaching from the 
one Lamina to the other ; which inſtantly diſappearing, were 
« too quick for the Eye, ſo that I could not judge, whether they 
« aroſe from the under, or fell from the upper; by their ſudden 
Alterations, they made ſuch an Appearance, as might well 
4. enough be taken to reſemble the Conflict of Men in Battle. 
And much about the ſame Time, there began on a ſudden to 
appear, low under the Pole, and very near due North, three or 
« 'four lucid Areas, like Clouds, diſcovering themſelves in the 
* pure but very black Sky, by their yellowiſh Light. Theſe, az 
they broke out at once, ſo after they had continued a few Mi- 
„ nutes, "diſappeared as quick, as if a Curtain had been drawn 
« over them: Nor were they of any determined Figure, but 
both in Shape and Size might propetly be e ſmall 
Clouds illuminated by the full Moon, but brighter. 
Not long after this, from above the foreſaid two 2, 
< there aroſe a very great Pyramidal Figure, like a Gel et 
at the Top, whoſe Sides were inclined to each other, with an 
Angle of about four or five Degrees, and which ſeemed to 
«reach up to the Zenith, or beyond it. This was carried with 
% an equable, and not very flow Motion, from the North- 
«eaſt where it aroſe, into the North - weſt, where it diſappeared, 
« till Keeping in a perpendicular Situation, or very near it; 
and paſſing ſucceſlively over all the Stars of the tee Bear, 
«did not efface the fmaller ones in the Tail, which ate of the 
. fifth Magultude; ſuch was the extream Rariety, and Perſpi- 
” «city of the Matter whereof it conſiſtde. 
% This fingle Beam was very remarkable for its Height above 
all thoſe, that, for a great while before, had preceeded it, 
6 r that followed it. FISTS 
It being now paſt eleven of the Clock, and nothing new of- 
«'fering itſelf to our View, but repeated Phaſzy of the ſame 
«© Speftacle ; I obſerved, that the two Laminæ, or Streaks 
4. parallel to the Horizor, had now wholly diſappeared ; and 
* the whole Spectacle reduced itfelf tothe Reſemblance of aver 
pq 4/004 "T3 TNT 43 F 1-4 5 nnn * IS & bright 
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it) is generally terminated with a very lucid 
Arch, from one to four or fe Degrees broad, 
whoſe Center is below the Horizon. Some 


c bright Crepuſcul um ſetting on the Northern Horizon, ſo as to 
:« be brighteſt and higheſt under the Pole itſelf; from whence it 
cc 2 both Ways into the North · eaſt and North-weſt. Un- 
« der this, in the Middle thereof, there appeared a very black 
Space, as it were the Segment of a leſfer Circle of the Sphere 
* cut off by the Horizon. It ſeemed to the Eye like a dark 
4 Cloud, but was not ſo; for by the Teleſcope the ſmall Stars 
appeared through it more clearly than uſual, conſidering 
„% how low they were: And upon this as a Baſi, our Lumen 
« Hurori forme reſted, which was no other than a Segment of a 
Ring, or Zone of the Sphere, intercepted between two pa- 
4 rallel leſſer Circles, cut off likewiſe by the Horison; or the 
Segment of a very broad Iris, but of one uniſorm Colour, 
1 viz. a Flame-Colour inclining to Yellow, the Center thereof 
„ being about forty Degrees below the Horizan, And Above 
„ this t were ſeen ſome Rudiments of a much larger Seg- 
« ment, with an Interval of Sky between, but this was ſo ex- 
« ceeting feint and uncertain, that I could, make no proper 
* Eſtimate thereof. | * w I 
AL attended this Phenomenon till near three in the Morning, 
« andthe Riſing of the Moon: But for above two Hours 
ther it had no Manner of Change in its Appearance, nor 
% minution, nor Increaſe of Light; only ſometimes, for very 
« ſhott Intervals, as if new Fewel had been caſt on a * *. 
«« Light ſeemed to undulate and ſparkle not unlike the riſing 
«« a yaporous Smoak out of a gieat Blaze when agitated, But 
* one Thing I aſſured myſelf of, that the vis: like Figure did by 
4 no means owe its Origin to the Sun's Beams: For that aboat 
«© three in the Morning, the Sun being in the Middle between, 
« the North and Eaft, our Aurora had not followed him, but 
ended in that very Point where he then was; Whereas in the 
true North, which the Sun had long paſſed, the Light te- 
% mained unchanged, and in its full Luſtre,” “ 2 
Appearances of this Kind have been taken Notice of both by 
Pliny, Seneca, and Ari/tatle ; the laſt of whiZh calls the vibrating 
Light near the Zenith, Aaxoi ; the more teady perpendicular 
Streams, Aoxbs; and the Aafora itil from the apparent dark 
Qoud juſt below it, Xarpa. » 
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times there are two or more of theſe Arches; 
one above another. In ſome, the Cloud is hot 
terminated by an Arch, but by a long bright 
comm ©: . 1 Streak 


eben Gaſſent in Provente, on the 21ft of Scprember, in 
the Year 1621, was very remarkable, at that Tine. 
© He tell us, that about the End of Twilight in the Evening, 
when the Sky was very clear, and there was no Moon, there 
appeared in the North a Soft of a riſing Morn, which aſcend - 
ing by Degrees, became intermingled with certain 8 2s 
it were, or Rays perpendicular to the Horizon: And that at the 
fame Time there appeared ſome ſmall al whitiſh Clouds 
between the South and the Place of the Sun's Citing in Winter i 
and that'in the Place where the Sun. ſets in Summer, a. brighe 
| Rednefs ' ſeemed to ariſe in the Form of a Pyramid, which 
moved towards the ſetting of the Sun at the Zquizox.z and 
which was diſtinguiſhed into three ſeveral Pyramids, which in 
a Htrle Time were confounded one with another, and at laft 
difappeared. When this Redneſs ceaſed, the norchen Whiteneſs 
was riſen forty Degrees and more, that is, about the Altitude of 
the Pole-Star, forming itſelf into an Arch, and taking up neav 
fixty Degrees of the Horizmm. After this, certain Chiwrong,; or | 
Columns of Rays, ſome whiter, and ſome a little darker, 
more plainly to be diſtinguiſhed, of about two bs in 
Breadth, and perpendicularly poſited ; ſo that all that Part ap- 
peared as it Were fluted. The whole Cireumference imme- 
tely appeared ſcalloped ; and then ſome of thoſe Columns 
which were in the Middle, and that were the whiteſt, began as 
it were to leave their Places with great Impetuoſity, and in leſs 
than a Quarter of a Minute, faiſed themſelves almoſt to tho 
Top, putting on the Form of Pyramids, which they would re- 
ain four or five Minutes. It was about nine of the Clock, 
when the Arch of Whiteneſs began to deereaſe or ſink ;- at 
which Time certain very white Streams of Smoke began to 
ive out from the Columns which were remaining under the 
Pyramids, and darting upwards with very great Rapidity 
through the Pyramids, like Javelins, - vaniſhed i lately 
when they came to the Tops of them. This Spectacle laſted 
about an Hour; after. which the Whiteneſs ſunk down to 
about fix Degrees of the Horiaos, Vide dbregt de Gafſendi, 
Tom. V. P. 245. £24 44S i hah 
= | This 
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Streak of Light, lying parallel to tlle Horizon) 
The Limb * this luminous ch, or paraflel 
Streale is not always even anch regular, but 
ſinles lower in ſome Parts, thaw in others. 
e Out ofthis Arch Seam of 
Light, generally” perpendicular to the. H 
Zon, but ſometimes a little inclined to it“ 
Ven of them ſeem to end in 4 Point, like 
 Pyramids"or Ce; and oſten worn much r. 
ſemble the Tails of Comets." Sometimes there 
is no luminous Arch, nor Streak of Light; 

and then the Streams ſeem tu iſſue out fm 
behind the da Cloud, deing diſtinct rom: 
each other at their Baſts: . ; wort ct 

9 4. The upper Ends of the Sti kams Wee 
| and vaniſſi again, as quick as if a 
Curtain were dran backwards rund fbrwards 
before them; which ſometimeꝭ cauſes ſucſias 
agony. in che N 


n 


not Wa Gan 
5 from L Tolo 1 


22 KK. 

and at moſt other Places 1 22 
Countries, that the Fears - = Provenc 
it was intercepted. by Clouds ;. but no ke i 4 mt 
at Diſtance to-the n 22 * 

nfigur Gaſſenai is thought to en the b mg. 
Aurora Borealis ey Phenomenon ; we gin is obſerve 
Monſieur Mairan, to be a Miſtake. See Mr. 2 Phy- 
fical and Hiſtorical Treatiſe of the Aurora Borealis, in 
Memoires de Þ Academe Royiile des Sciences, Annie 711. whe tl 
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imsgine the upper Part of the Heavens abet 
a It were, in Convulſion s. T 
g. Fhey ſametimes ſeem to meet 1 4. 
nitb, or more commonly to the Southward of 
It; about ten Degrees, more ot leſs (ſometimes 
tlie deviate a little to the South-eaſt of the 
Meridian, and ſometimes to the / South - weſt) ; 
and there curling round, in ſume Meaſure; imi - 
tate Flame oonfined under an Arch; and being 
frequently tinged with various Orders — 
louts, oxhibits a moſt beautiful 


_ ſemabling a Canopy finely: painted, ben 
ten or 2 Hacked 
In many Aurora's, Kd, 
Ow oo Patts of the Heavens, which lic 


ſeveral Degrees to the Southwards of the Cano- 
py; and in ſome, they to ariſe, though 
very rarely, almaſt as and numerous 
tom the ſouthorn, as from 1 
of the Horizon. 
er re 
vety great; for what of Merth the fixth 1743 
was vifible from the Weſt Side of. 1reland, te: 
the Conſines of Ruſia and Fvlund on the 
Eaſt, and perhaps farther ; extending at leaf 
over thiny Degree of Long id and in La 


” Yee their Motions vel deſcribed in the Account we have 
_ of an Aurora in the Philoloph, Tranſact. Ne, 295. Art. 2. 
I dee the various Colours of the ns Hold bs EE 
an Aurora itſelf, accurately deſcribed by Pr. Greenwood, in 
| Philoſoph. Traniact. No. 418, * | ; | 
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titude from about the fiftieth, Degree over al- 
moſt all the North of Europe, and at all Places, 
exhibiting, nearly at the ſame Tame, the ame 


* ne 0 20 190 OM 97 I 
7. Theſe have ma been 
very frequent (as ſar as the Accounts w. have 


9 in Countries that lie in, or 
near the ſrigid-/ Zone, but very rate in thoſs 
of our Latitide; they are now. become very 
frequent wih us, but always ſcem to progged 
from the North; and ate as yet aunknowiite 
the Inhabitants of the more ſouthern Parts of 


2 Whether they are ſeen to 
thoſe, vho inhahit in, or near the other rigid 
Zone, is to iis: unknown. MICS 039221 205 1 


8. In ſotne, there are Trains of Light run 

nog horizontally, ſometimes from the Middle 
to TD, wad ſometimes from one Ex- 
treme to the other. And from theſe Trains 
often ariſe Streams perpendichlar to the rf. 
5 and accompanying I yu 

on . 
* ow neh al the Streaming is over, the A 
rora Borealis only degenerates into . 
bright e the e on; Gen, ar” 
19 185 dies Sg: a. by 
© h were 
not Pay beth 25 tis * chat 
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than what A M ann from the ane 
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The moſt obvious Solution of the Aurora 
Bordalis, or at leaſt what would appear ſo, 
to ſuch as have only attended to the Circum- 
ſtances of ſome particular ones, and which has 
accordingly been affixed by ſeveral * to their 
Accounts of the Aurora s they have ſeen, is 
that it is a thin Nitro- ſulphurtous Vapour, 
raiſed in our Atmoſphere conſiderably higher 
than the Clouds; that this Vapour by Fer- 
mentation takes Eire,” and the Exploſion of 
one Portion of it kindling the next, the 
Flaſhes ſucceed one another till the whole 


Quantity of Vapour ahi; their — is ſet 


— — . Ino 1 en Ti 
7 4 tf £1 % ' $/ 7 i145 0 +4 * 7 82 
243 ” Profeſor Gy, at the End of bis tion of a Phene- 


. ops Rin ; J. inſerted ; in the Füller ical Tranſactions 
o. 365, obſerves - that ſuppoſing a Fund of Vapours or Exha- 
2 at v conſiderable Height above us to be diffuſed, every 
Way into a large and ſpacious Plane, parallel to the Hori 
1 Fund of mixed Matter by Fermentation will exit Streams: 
that if the Wind be ſtill, they will aſcen@ perpendicularly 
; upwards ; qtherwiſe they will. be inclined, towards that Point of 
"the Horizon which is oppoſe to. that from which. the Wind 
"blows 3 and that they will appear, i the Rules of Perſpective, 
in the firſt Caſe, to converge to the 's Zenith, incche 
.pther, to ſome Point not far from it; and that if this Fund of 
_ Vapours be ſituated more to the North than che South, it will 
Produce Streams of Light with * Circunſtances, as 
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= — aha Wpolrt tardfled 
exceedingly by ſubterraneous Fire, and'tinged 
with ſulphureous Steams, might from thence 
be diſpoſed to ſhine in the Night, and rifing 
up to the Top of the Atmoſphere, or even be- 
yond its Limits (as we find the Vapours of 
Gun- powder, when heated in-Pacuo, will thine 
in the Dark, and aſcend to the Top of the 
Receiver, though exhauſted) might produce 
thoſe Undulations nen n * 
this Phenomena, on Uh. 
But chele herbe — bi Ji 
inſufficient: it having been thought — 
to account for all TU Gircumtance ous 
ne e 
* . * Li $5:00 


Ir la Sol 8 ja fro 11 
8 te Solution a urora Dore m 
AG rig aud taking Fire in the' Atme 4 rs 
Author — er ſays, occaſion the Appearance of the lucid 
in the North, and thinks that the Streams, which. 
46 iſſue 2 freha thence, are no ot the Light of that 
pores, Wb under Side —— ſomethin Clouds, that 
lie above to its appearing in 

— oy that may be ov EP the EEE 


cond the Exalations, 
12 to ferment ay) Ol 


—— — wells 
omits taking Notice, t that it appear much oftner of late Years 
r and ſo avoids accounting for 

Particular Fide Commenter, aud. TR Me 
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Dr. Ha therefore has Recourſe to che 
magnetic E of the Earth, which he ſup- 
poles to perform the ſame Kind of Circulation 
with Regard to it, as the Efluvia of any par- 
ticular Torvell * do with reſpect to that,-viz, 
that they enter the Earth near the South Pole, 
— paſs out again at the 
fatne Diſtance from the northern: Andthinks, 
they may ſometimes, by the Concourſe of ſe- 
veral Cauſes very rarely coincident, and to us 
as yet unknown, be capable of producing a 
ſmall Degree of Light, either from the greater 
Denſity of the Matter, or perhaps from the 
greater Velocity of its Motion; after the ſame 


Manner, as we ſee the E f 
Bodies emit Light in the Dark... 
Monſieur de Mairan has gi us a 
cal and Hiſtorical Treatiſe of the Auror, 2 
realis, and endeavours to bar chat it is 
the Zodiacal Li or here of 
ihe Sun 9 Side ee 
3 This, he 
Es, is ſometimes extended ta ſuch a Length 
as to reach beyond the Orbit of our Earth, and 


— 2 — e with dur Atmoſphere, and 
of an 
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the ſeveral A which are obſerved 
in the Aurors Borealis ®," JOY ate 
1 2 1A Hum ger en .* e Erl 

_-Þhave: juſt ciattioned 83 


beratiſe they come from two very ingenious 
Philolopheroychough I doubt nr bus the Rea 
der will agree wh me, that they are mich 


Neueries of Perſons 
2 ant Hy at any Rate. 
queſtion not, but we may find Ma Far 
the Auron Boranin, without going ſo far ſor 
them, as theſe Gentlemen have dene; ani ſin 
. that we have no Occaſion to have 
either to the inagurrir E auin of tha 
Barth, or thenBotbacal Light, tlie Naturę of 
bath which we are wholly unacquaimted with! 
The Materials employed in the firſt Salution 
(mean ſuch Ea as are continüaliy c 
_ halted! from the Surfuce and — — 
Earth) if rightly conſider, will afford a very 
eaſy and — one, as 1 e e <Re 0s 
2 5 the fo Wr 
Firſt, we are aſſimed 8 that 
. ſulphu« 
redus ones) vic are ca 4 r- 
_ greeof Expantion; that — render thee 
ſelves W gp the * 128 float! in, Waren 
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it be as rare, as it can be made by Art; for 
they will riſe to the Top of the Receiver, * 
exhauſted , that is when as much Air, as is 
poſſible, is drawn out : Such Steams there- 
tore or Exhalations, riſing out of the Earth 
from Mines, Vulcano's, Me. muſt n | 
ber buoyed up e the Top of the Atmo- 
| ſphere; at leaſt; ey come to Region, 
where the Air 1848 rare and - „as it 
en be made by the Air Pump, here below. 
This Height {according to Dr. 8 Com- 
pots 7 {which he founded upon the Air's 
laſticity) is about forty or Ay: Miles: but | 
probably it is much greater ;: for the Air, 
which is higher than Vapours and other He- 
terageneous Matter that is: not Aaſtic, riſe: to, 
being much purer than any we can make Ex- 
periments upon, may be indued with a much 
greater of Elaſticity; and fo the t- 
maſphere- may be conſiderably higher; than 
hat he upon that s computes it to 
be. eech fly eee ee (A 
gecondly, Theſe being raiſed to 
er of the Atmoſphere, or near it, and 
g there; will neceſſarily be carried to- 
3 for the follow 
ing Reaſons. 1. Becauſe ann, Current 


bee Poet oph. Tank Ne. 47 and: 360. 4 al 
__-» + Itisim ble to extract all the Air out of a Veſſel, becauſe 

ir il by the Tring of the Air in the Veſlel; chat the 
Valves of the Pump are pened at Stroke. 221 2384 
5 Philoſoph. * No. 181. bf 


— - 
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of the Air, to a great Diſtanes froth the EA,, 


for, is chat Way . 2. We know from Ee 
periment, that — ſwims Upon u Fluid 


which revolves 
ried towards that Hei. This is exictly 
Caſe of theſe ; for by finn REP 
Top of the Atmoſphere which EET 
volves about the Aris of the Earth; 
therefore neceflarily be carfied ws ; "th | 
LIFE." 
ee 


23 e 
Thirdly, Tbeſe ER, 
at, 6f ner 
flammable Nature, may eaffſy e 
ferment, when they meet with _— 
num ones proper to produce fach an 
and emit Streams of Pie, which Streatts will 
naturally riſe up into ſack Parts of the Atmo- 
| a9 are a than chat whereſn'the 
Efubis reſt; chu is, directty upwards" fro 
| the Center of the Earth. But, according to 
Rales of Ppechvr, thöſe Streatis, thotüglt 
they really diverge, * 3 from a Center, 
will appear te $25 the Surface of the 
Earth to converge: leeds T | as : which 
Point will ſeem to be direckliy over His Fed, I 
the Streams aſcend in right Lines from the Cens 


open a Aeg is thereby eu 


e 1 


ter of che Far tu: büt if hey deviate att ene 
Way from eee 2 N -- 
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164 Of zhe Aurora Borealis. Part II. 
that Side the Zenith towards which they in- 
cline &. 
4. iluſtrate this; ſuppoſe ſeveral Strings 
hung down from the Ceiling of a Room, and a 
Candle placed upon a Table below them, the 
Shadows of them all will converge towards the 
Point, that is over the Candle. And, if they 
are made to incline, ſuppoſe all one Way, the 
Point of Convergency will remove from over 
the Candle, towards that Side of the Room to 
which the upper Ends of the Strings incline : 
Now if a Perſon had viewed them from the 
Place where the Candle was, and referred their 
Places to the Ceiling, they would have ſeemed 
to him to have converged towards the Tuns 
where the Shadows did. | 
And if the Streams ſpread themſelves: as 
— ariſe, but not too much, they will never- 
theleſs a tapering towards the u Ends, 
like ES Pyramids; juſt as the bides of 
a long Walk n a Perſon that views them 


* This may be made to A in the following der ; * 
ADB (g. 38 38.) repreſent the Concave of the Heavens, AB the 
Horizon, Cthe Place of the Spectator, IVa luminous Subſtance 
ſending forth the parallel Streams EG, LM, NO, c. Theſe * 
Streams will all ſeem to converge towards the Point D, if that 
Point be taken ſuch, that the Line DC drawn from thence to the 
Spectator's Eye, de parallel to the Streams. For Inſtance, the 
Stream EG Wil ſeem to riſe from : to g, LM from / to , and 
FH from / to h, and ſo of the reſt. Ard NO will appear wholly 
in D, the Place to which the reſt ſeem to converge. And if the 
Streams are as large, or ſomewhat larger at the upper Ends, being 
at the lower, they will ſtill appear leſs there, thoſe Ends 
fartheit from the SpeQator's Eye. 


| iy 
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from one End of it, or from a diſtant Place, 
to approach each other at that raw is fartheſt 
from him. 

This being preſet} we 27 now account 
for the ſeveral Phænomena of the Aurora Bo- 
realis before laid down. As, 
1. The Blackneſs of the Sky, which gene- | 
, rally appears in the northern Parts of the Ho- 
rizon, like a dark Cloud, is occaſioned by the 
Brightneſs of the luminous Matter of the Au- 
rora juſt above it. That the Sky is clear here, 
is evident (as was obſerved before) becauſe the 
ſmalleſt Stars are ſeen through it. 
2. The lucid Arch immediately ene is the 
luminous Matter of the Aurora itſelf, which 
ſometimes exhibits the Appearance of a Curve, 
ſometimes of a ſtrait Line, according to its 
Form and Situation in the Atmoſphere, though 
generally that of a Curve: For, by the Rules 
of Perſpectiue, when a ſtrait Line is diſtended 
horizontally,” and above the Spectator's Eye, 
it ought to appear bent into a Curve, whoſe 
Center is below the Horigon *. Sometimes 
it W on one Side the dern Point, more 


* Thus, „ « Rowiof Houſes, 21 | 
looks over the Tops of them, if 822 8 equal Height, 
that Houſe which is Rae ſeem to cut the Heavens in 
a Point that will be hi than where it is cut by any of the reſt; 
and the Points where the Heavens will ſeem to be cut by the Tops 
of thoſe, which are on the Right and Left Hand of the SpeQtator, 
will deſcend lower and lower, as the Houſes are farther off; ſo 


that the Points, taken all together, will repreſent a Curve. 
ot. Y 26:8 than 
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than on the other; ſometimes regular, ſome- 
times irregular, as the various Circumſtances 
of the Air's Miotion at the Top of the Atmoſ- 


1 and of Aba Situation. of the Gig 


ter may be. 
3. The . of Light, iſſuing out of tha 
lucid Arch, are Streams of Fire na 
wards from the Matter of the Aurora, and 
ſeem, for the Reaſons. already laid down, to 
converge towards the Zenith of the Spectator. 
_ Why they incline a little ſometimes from the 
Perpendicular, will be explained in the fifth 
| Remark,, where we account for the Situation 
af the Canopy. When no luminous Arch ap- 
Pears, it is probable, that it is intercepted by 
the Hyriaun, os by the Fee Which float in 
great Quantities therein. 4 | Miert 
| 42 The trembling obſerned; ib the abend 
of the Heavens, is owing to the Quicknefs 
v here with the Flaſhes ſucced one another, and 
alſo to the irxregular Motions and Agitations of 
the ſuperior. Parts of the Atmoſphere, 
.5, So long as the luminaus Matter of the 
"Aurora is all of it towards the North of us, 


e Streams cannot ſeem to meet in a Point at 


the Top, as will appear to any one that confi» 


ders the Figure referred to in the Note (p. 164), 
but after it a forwards, or become 
kindled over our Heads, then they appear to 
meet, and form the Canopy alread 4 7 


and when i has paſſed further il, they ſeem 
to 
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to ariſe from all Parts; though they are much 
fainter on the ſouthern than on the northern 
Side, fo long as the main Body of the Aurora 
remains on the northern Side of the Canopy, 
which it rarely, if ever, The Reaſon 
vrhy the Center of the Canopy is generally a 
few Degrees to the South of the Spectator s 
Zenith *, is becauſe the luminous Streams, 
which iſſue forth from the extreme Parts of the 
Subſtance of the Aurora, will naturally diverge 
a little from the middle ones; and, as thoſe 
which appear to us, proceed chiefly from the 
ſouthern Side (that being neareſt to us) the 
Point of Con will neceſſarily be placed 
to the South of our Zenitb, according to what 
was ſaid above about the Inclination of the 

Strings hanging from the Ceiling of a Room. 
If the Center of the Canopy is ſometimes to 
the Eaſtward, and ſometimes to the Weſtward 
of the Meridian, that depends upon the Mo- 
tion of that Part of the Air, which is above 
the Subſtance of the ircra, and through 
which the Streams paſs, 23s: they riſe. This 
alſo it is that makes the Streams ſeem'to arife 
n a little 2 2 


e n the Center of the (ap will 
_ always eroding r's Zenith, where-ever be is ; Which 
I believe 3 is the Caſe, for I have met with no Account where 
r 
| 2 as when ſeveral, Perſons are vi a Rainbow, no 
„ ime. See Fart III. 


N n 
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6. The great Height of the Aurora is -- 
ing to the — Lightneſs of the Efluvia, 
which compoſe the Subſtance of it (as ex- 
plained above) and the darting of the Streams 
upwards, into Regions perhaps quite above 
the Atmoſphere, occaſions it to exhibit at very 
diſtant Places the ſame n at the 
Time. K 
you That the Aurora appears near the Pole, 
and never at or near the Equator, is becauſe | 
of the Tendency the Matter of it has towards 
the Poles, as explained above. And that it 
appears in Places more diſtant from the Pole, 
than it formerly did, is becauſe the .Efluevia, | 
which are now raiſed from the Earth, _ 
prevented from approaching ſo near the polar 
Parts of the, Atmoſphere, as they uſed to * 3 
thoſe Parts being already ſtocked with others; 
which were formerly raiſed, and are now - 
grown effete by Auen F ermentations and 
Exploſions. a 
©, The borizontal Trains of Li ght are the 
Subſtance of the Aurora juſt — Fire, 
which runs from one Part to another, as in a 
Train of Gun-poyyder kindled in any one 
Part; and ſends up Streams perpendicularly 
from Places, where it meets with a greater 
Quantity of Matter than ordinary. 4 
9. When the Matter of the Aurora is ſo far 
ſpent, as to emit no more Streams, it appears 
1 1 as a . ſteady — in the North, 5 
Wie 
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which — dies away, for Want of freſh 
Fewel to ſupport it. 4 1 70 
10. As the  Yapotrd of which Clouds-are 
formed, never riſe ſo high, as where the Mat- 
ter of the Aurora'Borealis floats } it is not at 
all inconſiſtent with the foregoing Theory, if 
it is ſometimes intercepted from our Sight, by 
the Interpoſtion of Clouds below. 


See farther c on this Subject, Ariftatel, 1 8 
Lib. 1. 9 4, 5. Plinii Hiſtor. Natural. 
Cap. 26, Senec. Quæſt. Natural. Lib. I. 
Fan . Proc igiorum ac Oſtentorum Chronicon, 
1 Obſequens de Prodigiis, Cap. 
13, 43; 8 Gaſſendi Animadverſ. in Digg. 
Laert. Lib. X. p. 1157. - Cornelius GE 
de divinis Naturæ CharaQteriſmis. Nzcephort 
Hiſtor. Eccleſiaſt. Lib. XII. 1 2 . 
= pal. Hiſtor. Goth. Tom, I. p. 65. . Bibli- 
. Orientalis Clementi Vatcans. Tom. . 
8 407. Gregor. Tur. paſſim. Mem, de Lit. 
de l Acad. des Inſcriptions & Belles Lettres, 
Tom. IV. p. 431. Miſcellan. Berolin. Tom. 1. 
p. 137. Theatr. Comet. Stani ſ. Lubienietæ, 
p. 264, 348. Mem. pour ſervir 4 I Hiſtor. de 
France, Tom. I. p. 168. Mem, de V Acad. 
Royal de Sciences, for almoſt each Year ſince 
1716. Philoſoph. Tranſ. Ne. 305, 55 320, 


247 349, 349» 351, 352, 363, 365, 368, 


76, 385, 395, 398, 399, 402, 410, 419, 
- 313 „Ad the Authors referred to by Mr. Jobn- 


ſen, in his Qua. ha Cap. IV. 8. Fx 
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= the Effects of Permenitition, It may not 


amiſs, before I put an End to theſe Diſſer- 


. tations, to add a ſhort Account of the Nature 


of it, and to ſhew how thoſe Effects are pro- 


duced by it 


Fermentation is a mutual Commotion of the 
conſtituent Particles of Bodies, one among ano- 
ther; and ariſes from an Inequality in o_ 
Attractions of Cohefion. Authors diſtingu 
it into two Kinds; the one is that which k. ha 
pens when a Solid is diſſolved by a Fluid; 5 
other is, when two Fluids, being mixed to- 
gether, ferment with each other. 

Thoſe Authors, who have treated of 5 
firſt of theſe, tell us, That to cauſe a Fermen- 
tation between a Solid and a Fluid, ſeveral 
Circumſtances, are neceſſary. Particularly Dr, 


Friend *, and Keil F, are of Opinion, 


I. That the Particles of the Solid muſt at- 
tract thoſe of the Fluid with a greater Force, 
than the Particles of the Fluid attract one 
another. * 

„Les his Chymical Lede 


| + Sto hs Latte to Dr. C, . 
| 2. That 


Diſſ. VIII. Of Fermentation. 17 

2. That the Pores of the Solid muſt not be 
too ſmall to admit the Particles of the F luid 
into them. 

3. That the Body be of fo looſ a Contex- 
ture, that the Forge of Impact, with which 
the Particles of the Fluid oh into its Pores, 
may be ſufficient to diſunite its Parts. | 

4. That the Elaſticity of the Particles tends 
very much to promote, and augment the 
Fermentation. 

Dr. Boerhaave makes alſo four Conditions 
requiſite . 

1. That there be a due Proportion between 
the Size of the Particles of the Fluid, and the 
Pores of the Body to be diffolved. - 

2. That the Figure of the Particles of the 
Fluid have a determinate Relation to that of 
the Pores of the Solid. 

43. That the Particles of the Fluid be ſufli- 
ciently ſolid, that their Moment, or Force of 
Action may not be too weak. 

4 The laſt Qualification, he mentions, is 
a fit Diſpoſition of the Particles of the Fluid, 
when received into the Pores of the Solid, to 
1 ſome ſtay there, and not immediately 

to pals dran., but to act every Way upon 
the Solid, as they move towards the external 
Surface thereof. F 


© ® Dr. Boerhaave's Chemiſtry, by Shaw, p. 344. 
Ag . 
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poſition ſtronger thrn the former, the fluid Particles will 
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But we have no Occaſion to have Recourſe 
to ſo many Suppoſitions : if the Particles of the 
Solid attract thoſe of the Fluid with a greater 
Degree of Force than either thoſe of the Fluid, 
or thoſe of the Solid attract one another *, it 
is ſufficient ; and there will follow a Diſſolution 
of the Body, as may clearly be demonſtrated 
from the Laws of Mecbanics, whatever the 
other Circumſtances relating to the Figure or 
Magnitude of Pores, &c, may be f. a 


4 * * 


5 


Force of Attraction of Coheſion being as the Surfaces of the 
attracting Particles, whatever Size or Form the Particles of the 
Solid and Fluid are of, there cannot be a greater Quantity of 


Surface between every two Particles, one of which is 4 Farticle 


of the Solid, and the other a Particle of the Fluid, than there 
is between every two Particles, which are either both of the 
Solid, or both of the Fluid; and therefore the Particles of the 


Solid cannot attract thoſe of the Fluid with greater Force than 


either thoſe of the Solid or thoſe of the Fluid attract one another. 
But it is to be conſidered, that we are not ſo well acquainted with 
the Nature ofthe Attraction of Coheſion, as to determine eas 
in what Manner, and by what Laus it acts. The Experiments 
made Uſe of for this Purpoſe, only ſhew that ſo long as we 
them with the ſame Kind of Bodies, the Attraction is Ia 
where the Contact is ſo. See Part I. Chap. III. But we have 
no Method of determining, whether the Difference of Attrac- 
tion, which various Bodies exert upon one another, ariſes ſolely 


from a Difference in their Surfaces, or not. 


' + Dem. Thus, let 7, % , ec. (Fig. 39.) repreſent a Series of 
the Particles of a Fluid, and s, 3, 5, Fe. a Series of thoſe of a 


ſolid Body, contiguous to one another: and let the pricked 


Lines ff, ff, &c. repreſent the Forces of Attraction between 
the Fluid Particles one among another, and s s, 5 5, Sr. 
thoſe of the ſolid ones among themſelves; and let the black 
Lines f*, sf, Cc. reſs thoſe which are between the fluid 
and ſolid Particles. Now, the latter Forces being by the Su 
Aan 


from 


When 
* This may be thought an im e Suppoſition, for the 
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When a Solid is put into a Fluid, if their 
Particles have the above-mentioned Relation 
to each other, thoſe of the Solid, being at- 
tracted with greater Force towards the Fluid, 
than they are the contrary Way, they will fall 
off from the Solid, and enter in between the 
Particles of the Fluid ; and for the like Reaſon, 
thoſe of the Fluid will open to themſelves a 
Way in between thoſe of the Solid, and will 
ſeparate them from each other. Neither will 
their Reſpective Motions ceaſe, unleſs their 


from each other, and ſuffer thoſe of the Solid to enter in be- 
tween them; and for the ſame Reaſon the ſolid Particles will 
give Way to thoſe of the Fluid. By which means, the Diſtances 
repreſented. by the pricked Lines becoming greater, the At 
tions, which they expreſs, will be diminiſh iniſhed; fo that the flui 
Particles will 8 between the ſolid ones, and the ſolid 
ones between the fluid ones; and both of them together will 
conſtitute ſuch a Series, as is repreſented in Figzre 40, in the 
middle Row 5, /, s, , Cc. where the ſolid and fluid Particles 
he mixed interchangeably one with angther in a right Line. 
Now let it be 1 that this Series is contiguous to one 
which conſiſts wholly of Fluid above it, as is expreſſed in the 
gary, and to below, conſiſting of ſolid Particles only. 
very ſolid Particle in this Series will be attracted upwards wa 
greater Force, than it is downwards ; and every fluid one wit 
iter Force downwards than it is upwards, as appears by bare 
— of the Figure, where the black Lines, as in the 
former, expreſs the ſtronger Attractions, and the pricked ones 
the weaker. And, if we {ſuppoſe the Number of Particles in 
the Solid and in the Fluid to be nearly equal, thoſe of the Fluid 
will not ha” till they have quite through the Solid 3 
for they will always find a Series wholly confiſting of ſolid Par- 
tides before them, whil that which they leave behind, will 
be a Mixture of both. In like manner, the ſolid ones will paſs 
quite through the fluid ones ; for they will always meet with 
Sphere of their own Attraction Yar 


2 2 
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Quantities be very unequal, till they are dif- 
fuſed uniformly one among another, as we 
may very eaſily conceive; for till then, there 
will always be ſome Particles attracted with a 
greater Degree of Force one er than they 
are another.. 

And if more of the Solid be added to this 
Fluid, the Particles of the Fluid will alſo en- 
ter into that Solid, till each is ſurrounded on 
all Sides with ſolid Particles, as far as its at- 
tractive Force reaches. After which the Fluid 
will (as they ſay) be fande and will diſ- 
ſolve no more. 

Again, if more of the Fluid be poured upon 
that Solid, the ſolid Particles will diffuſe 
themſelves farther into the Fluid, till each of 
them is encompaſſed with Particles of the 
Fluid, as far as its attractive Force extends; 
and then they will ſpread themſelves no farther. 

But in either Cie, if another Solid, or 
Fluid, the attractive Force of whoſe Particles 
differ freut thoſe of the former, be added, a 
freſh Fermentation will begin, provided the 
attractive Forces betweef{ the Particles of the 
former Mixture, and of thoſe which are now 
added, have fuch 4 Relation to each other, as 
is neceſſary to produce it. 

Upon this Principle it ſhould ſeern; that a 
F luid ſhould always be capable of diſſolving 
more than an equal "alt. 2 of a Solid; 1. 
thay 1 Solid ſhould be capable of entering in 

and 
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-and diffuſing itſelf mote than an 
equal Quantity of Fluid. The Reaſon hy it is 
frequently not ſo, is becauſe it commonly hap- 
pens, that the Fluid and the Solid are not of 
equal ſpeeific/ Gravities. When the Solid is 
heavieſt, ſo many of its Particles will not aſ- 
cend and enter into the Fluid, as would other- 
vwiſe have done; and on the contrary, when the 
Fluid is heavieſt, the Weight of its Particles 
will be an Im t to their riſing into, and 
diſſolving ſo much of the Solid as it otherwiſe 
might have done. 
We have no Occaſion to diſtinguiſh Fermen- 
tation into two Kinds, with regard to itsCauſes; 
for, according to the foregoing Theory, when- 
| 2 a Solid and a Fluid, are put 
if the Particles of the one attract thoſe 
[of the. other, with greater Force than either 
thoſe of the gne, or thoſe of the other attract 
themſelves, a Fermentation will equally enſue, 
the Cauſe Hing the ſame in both Caſes. 
When ta Fluids, or a Solid and a Fluid, 
ferment with each other, if the Agitation and 
inteſtine Motion of their Particles be very 
great, or continues a long Time, and if the 
Subſtance of them be of the inflammable Kind, 
they will, by continually rubbing one againſt 
- another, be ſufficiently heated to take Fire, 
and burſt out into Flame; as was ſaid of the 
' ſeveral Compoſitions mentioned in the fore- 
going Diſſertations, * 


* 


176 "Of Fermentation. Part II. 
' See the Authors, who have explained and 
defended the ald Solution, referred to by Mr. 
en in his Queſtions Philoſoph. Cap HI. 
5. 6, 7. 
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OPyrT1cs. | 
dt," GARE YL 
. the Nature and Propagation of Light. | 


N treating of the Nature of Fluids, I b 
explained ſuch Phenomena as reſult from 
ſmall Particles of Matter collected toge- f 
ther, and acted upon according to the 

Laws of Mechaniſm; the Order of my Deſign 
now me to ſhew how according to the 
ſame Laws ſuch Phenomena, as "reſult from 
the Emiſſion of infinitely ſmall Particles from 
luminous Bodies, are us Bowery which Phe. 

being the Means, whereby the Images 
of external Objects are \nqivolented to our 
Minds, by the Intervention of our Organs of 
336 E Sight, 


* 


3 Of the Nature and Part III. 


Sight, are for that Reaſon called Optical, and 
the Doctrine, by which they are explained, 
the Science of Optics &. " 


- * 


Every viſible Body emits or reflects incon- 
ceivably ſmall Particles of Matter from each 
Point of its Surface, which ifſue from it con- 
tinually, (not unlike Sparks from a Coal) in 
ſtrait Lines and in all Directions. Theſe Par- 
ticles entring the Eye, and ſtriking upon the 
Retina (a Nerve expanded on the back Part 
of the Eye to receive their Impulſes) excite in 
our Minds the Idea of Light. And as they 
differ in Subſtance, Denſity, Velocity, or 
Magnitude , they produce in us the Ideas of 
different Colours; as will be explained in its 
proper Place. 

42 That 


Optics is generally divided into two Parts, wiz. Dioptrice, un- 
der which is — every Thing that JES the Ap- 

pearances of Bodies {een through tanſparent Subſtances :. and Ca- 
—_ or what relates to the ſeeing of Bodies by ed Light. 
To theſe we may add a third, which properly cames under Mi- 
ther of the former Diſtinctions, and that is, the Do4rine of 
hours, which explains every Thing that relates to the Cau 
the Diverſity of Colours obſervable in natural Bodies. 


p id 7 
„„ *.. 


14 Tis more probable, that they "differ either in 

or Denſity, than in Velocity or Subſtance. For, if the Di 
ence of Colours ariſe from the different Veloci of the Rays of 
Light, then the Colours of Objects would appear cha to an 
Eye placed under Water, or within any Mediumdiffcring from the 
Air in Denſity: For when a Ray of Light, paſſes out of a Medi- 
um into another of different Denſity, it undergoes an Alteration 
in its Velocity, as will be explained hereafter. - And'to ſuppoſe 
them to differ in Subſtance, is contrary to that Uniformity of 
Things, which is obſefyable in the Univerſe; as well as repug- 


Chap. I. Propagation of Light. 5 
| That the Particles, which conſtitute Light, 


are exceedingly ſmall, appears from hence, 
vic. that if a Hole be made through a Piece 
| of Paper with a Needle, Rays of Light from 
every Object on the farther Side of it, are ca- 
pable of paſſing through it at once without the 
leaſt Confuſion; for any one of thoſe Objects 
ay as clearly be ſeen through it as if no Rays 
paſſed through it from any of the reſt. Fur- 
ther, if a Candle is lighted, and there be no 
Obſtacle in the Way to obſtruct the Progreſs 
of its Rays, it will fill all the Space within 
two Miles of it every Way with luminous 
Particles, before it has loſt the leaſt ſenſible 
Part of its Subſtance thereby. n 
That theſe Particles proceed from eyery 
Point of the Surface of a viſible Body, and in 


all Directions, is clear from hence, viz. be- 


nant to that Homogeneity in the primogeneal Parts of Matter, which 
from the Experiments hitherto made, is thought to exiſt evet 
where. Whereas, if we ſuppoſe them to diſſer either in Magnitu 
or Denſity, nothing is more eaſy than to ſee how thoſe of the fame 
Kind ſhould, however refracted, produce the ſame Colours; 
alſo how thoſe which produce di Colours, ſhould ſuffer dif. 
ferent Degrees of Refraction in paſſing through the ſame Medium. 
As to the firſt, it is ſelf evident, becauſe Refraftion cannot alter 
their Magnitudes or Denſities ; as to the ſecond, itis , that 
the more intenſe and ſtronger Colours, the Rays of which ſuffer 
the leaſt Refraction, are produced by the larger, or more denſe 
Particles of Light: For, that ſuch Particles ſhould be leſs refracted 
than others, is quite conſonant to the Laws of Attraction of Co- 
heſion, which, as it acts in Proportion to the gurfaces of Bodies 
only, muſt neceſſarily affect the larger, or the more denſe Parti- 
cles, leſs than it does the reſt ; becauſe ſach have larger Momenta 


or Forces in Proportion to their Surfaces, chan others have. 
CT 


aK —-— 
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eanſe where-eyer a Spectator is placed with 
Regard to the Body, every Point of that Part 
of the Surface which is turned towards him, 
3s viſible to him. That they proceed from the 
Body in right Lines, we are aſſured, becauſe 
Juſt ſo many and no more will be intercepted 
© their Paſſage to any Place, by an interpoſed 
bjeQ, as that Object ought to intercept, oy 
bie them to come in ſuch Lines. | 
he Velocity, with which they proceed 
8 the Surface of the viſible Body is no leſs 
Turprizing, than their Minuteneſs: ” The Me- 
thod whereby Philoſophers eſtimate their Swift- 
neſs, is by Obſervations made on the Eclipſes of 
Jupiter s Satellites, which Eclipſes to us ap- 
ar about ſeven Minutes ſooner than the 
ought to do by Calculation, when the Eart 
is placed between the Sun and him; that is, 
when we are neareſt him, and as much later, 
when the Sun is between him and us, at which 
A Time we are fartheſt from him; from whence 
It is concluded, that they require about ſeven 
Minutes to paſs over a Space equal to the Diſ- 
tance between the Sun and us, which is about 
f eishty one ee of Miles WT >| 


» This affords us another Proof of the ſarprizing - Fingusl of the 

Particles of Light; for the above-mentioned Velocity of the Rays 

 :eonfiderably more than a Million of Times greater than ** of 
a Canon Ball. Were they not therefore inconceivably ſmal], 


| Bye wpuld be rather wounded, 4 We with ben, an 
E 


+ +4: w 


n L Propagation of Light. 7 
A Stream of theſe Particles iſſuing from the 
Surface of a viſible Body in one and en 
rr is called a Ray of Laght." | 

As Rays proceed from a-viſible Body i in all 
Dibetions, they neceſſarily become thinner 
and thinner, continually ſpreading l 

as they paſs along, into a larger Space, and 
that in Proportion to the Squares of their Diſ- 
tances from the Body 2 — at the te 


„ 


thres — nine Times — = Þ < on: 
the Reaſon of which is, becauſe they 1 
themſelves in a twofold Manner, vi g. upwards 
and downwards, as well as ee nn bes 


*. 


che tender Flowers of Plants woold he le far hen being cherifhed 
. that they \ would be torn in Pieces, and not og 


* 

* This Propofon iger mathematically thus; Let 
conceive two concentric Surfaces ABD, and EFG (Fig. 1. 5555 
theſe, two ſimilar Portiotis ELFI, nl AHBK 4 e Rays CE 
and CF, with the reſt proceeding from the Center C, 1 
the Portion ELFI and cover it; tis evident from Inſpection of the 
Figure, that the ſame Rays at the Diſtance CH will cover the Por- 
tion AHBK only ; now theſe Rays being the ſame in Number at 
each Place, will be thinner in the former, than they are in the lat- 
ter, in Pro ion as that is larger than this ; but theſe Spaces be- 
ing fimilar Portions of the Surfaces of Spheres, bear the ſame Pro- 
portion to each other, that the Surfaces themſelves do, that is, 
they are to each other as the Squares of their Radii CL, ns 
the Rays therefore are more diffuſed, or thinner in 
the Squares of the ſame Radii, or of their Diſtances from — 
minous Point C. 2. D. | 


= 
* | - 
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The Particles of „ pe ſubject to the 
Laws of Attraction of Coheſion like other 
{mall Bodies, for if a Ray of Light be made 
to paſs by the Edge of a Kniſe, it will be di- 
verted from its natural Courſe, and be inflec- 
ted towards the Edge of the Knife. The like 
Inflection happens to a Ray when it enters ob- 
liquely into a denſer or rarer Subſtance than 
that in which it was before, in which Caſe it 
is ſaid to be refratFed; the Laws of which 


Refraction are the Subject of the following 


N a 
{A 
$; 3 (08 ROT | | 
| f ö 4 


The Cartefian Notion of Light, was not, that it is propage- 
ted from luminous Bodies by the Emiſſion of (mal! Particles, but 
that it was communicated to the Organ of Sight by their Preſſure 
the Materia ſubtilis, with which they ſuppoſed the Univerſe 

to this Hypat heit, it could never 


do be full. But accordi 
—7 becauſe when a Fluid ſuſtains any Preſſure, if that Flui 


fills all the Space it takes up, abſolutely, without leaving any 
Pores, which is the Caſe of the ſuppoſed Materia ſubtilis ; then 
that Preſſure muſt neceſſarily be communicated equally and inſtan- 
tantoufly to every Part: And therefore, whether the Sun were 
above or below the Horizon, the Preſſure communicated, and 
conſequently the Light, would be the ſame. -And farther, as the 
Preſſure would be inſtantaneous, ſo would the Light, which is 
cotitrary to what is collected, as we obſerved above, from the 
Felipſes of 7 uprter” s Satellites. * Won; a ( ; 


CHAP, 
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CHAP. I... 


the Cauſe of Refraction, and the 
of Law by 115 it is Neger 


V1 


Hatever Subſtance a Ray of Li be den 
ſes through, or if it paſs thr 
Space void of all Subſtance, it is ſaid by Phi 
loſophers to paſs through a Adams and 
therefore if it paſſes out of any Subſtance, - as 
Air or Glaſs, intoa Vacuum, or the contrary, it 
is aid to paſs out of one Medium into another. 

All Bodies being endued with an attractive 
Force, which is — to ſome Diſtance 
beyond their Surfaces ; when a Ray of Light 
paſſes out of a rarer into a denſer Medium: (if 
this latter has a greater attractive Force than 
the former, as is commonly the Caſe*, - and: 
what we ſhall hereafter always ſuppoſe, unleſs 
it be mentioned to the contrary) the Ray juſt 
before its Entrance, will to be attra 
towards the denſer Medium, and this Attrac- 
tion will continue to a& upon it, till on 
Time after it has entered the Medjwm, 
ſhall ſhew by and by; and therefore if « Ray 
approaches a denſer Medium in a Direction 


perpendicular to its Surface, 3 


In oily and inflammable Bodies it happens otherwiſe ; for they 
are qbſerved to attraRt more ſtrongly than others of greater Denſity. 


ro TheCauſeof Refraction, &c.Part III 


be continually accelerated during its Paſſage 
through the Space in which that Attraction 
exerts itſelf; and therefore, after it has paſſed 
that Space, it will move on, till it arrives at 
the oppoſite Side of the Medium, with a great- 
er Degree of Velocity than it had before it en- 
tered. So that in this Caſe its Velocity onl 

will be altered. Whereas, if a Ray enters 

denſer Medium obliquely, it will not only 
have its Velocity augmented thereby, but its 
Direction will become leſs oblique to the Sur- 
face. Juſt as when a Stone is thrown down- 
wards obliquely from a Precipice, it falls to 
the Surface of the Ground in a Direction near- 
er to a perpendicular one, than that with 
which it was thrown from the Hand. From 
hence we ſay a Ray of Light in paſſing out of 
a rarer into a denſer Medium, is refracted ta. 
wards the Perpendicular; that is, ſuppoſing 
a Line drawn perpendicularly to the Surface 
of the Medium, through the Point where the 
Ray enters, and extended both Ways, the 
Ray in paſſing through the Surface is refracted 
or bent towards the perpendicular Line; or, 
which is the ſame Thing, the Line which it de- 
ſcribes by its Motion after it has paſſed through 
the Surface, makes a leſs Angle with the Per- 
pendicular, than the Line it deſcribed before. 
All which may be illuſtrated in the following 
Manner. 6 


Chap. 2. TheCauſeof Refraction, &c. 11 
Let us ſuppoſe firſt, that the Ray paſſes 
out of a Vacuum into the denſer Medium A 
BCD, (Fig. 2.) and that the attractive Force 
of each Particle in the Medium is extended 
from its reſpective Center to a Diſtance equal 
to that which is between the Lines AB and 
EF, or AB and GH; and let KL be the Path 
deſcribed by a Ray of Light in its Progreſs 
towards the denſer Mearum. This Ray when 
it arrives at L will enter the attractive Forces 
of thoſe Particles which lie in AB the Surface 
of the denſer Medium, and will therefore ceaſe 
to proceed any longer in the right Line KLM, 
but will be diverted from its Courſe by being 
attracted towards the Line AB, and will be- 
gin. to deſcribe the Curve LN, paſſing through 
the Surface AB in ſome new Direction as OQ, 
thereby making a leſs Angle with a Line as 
PR drawn perpendicularly through the Point 
N, than it would have done, had it ee 
in its firſt Direction KLM. 
Farther, whereas we have ſupf poſed the 
attractive Force of each Particle 4: be ex- 
tended through a Space equal to the Diſtance 
between AB and EF, it is evident, the Ray 
after it has entered the Surface, will ſtill be 
attracted downwards, till it has arrived at 
the Line EF; for till that Time, there will 
not be ſo many Particles above it which will 
attract it upwards, as below, that will at- 
dun! it downwards. 3 that 
; te 
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tered the Surface at N, in the Direction OQ, 
it will not proceed in that Direction, but will 
continue to deſcribe a Curve, as NS, after 
which it will proceed ſtrait on towards the 
oppoſite Side of the Medium, being attracted 
equally every Way; and therefore will at laſt 
oceed in the Direction XS T ſtill nearer the 
erpendicular PR than before. * 

Now if we ſuppoſe the Space ABZ not to 
be a Vacuum, but a rarer Medium than the 
other, the Caſe will {till be the ſame; but 
the Ray will not be ſo much refracted from its 
rectilineal· Courſe, becauſe the Attraction of the 
Particles of the upper Medium being in à con- 
trary Direction to that of the Attraction of 
thoſe in the lower one, the Attraction of the 
denſer Medium will in ſome Meaſure be de- 
ſtroyed by that of the rare. 

On the contrary, when a Ray paſſe out 
of a denſer into a rarer Medium, if its Diree- 
tion be perpendicular to the Surface of the 
Medium, it will only loſe ſome what of its 
Velocity, in paſſing through the Space of At- 
traction of that Medium (that is, the Space 
wherein it is attracted more one Way than it 
is another). If its Direction be oblique it 
will continually recede from the Per 
hr during its Paſſage, and by that Means have 
its Obliquity encreaſed, juſt as a Stone thrown 
up obliquely from the Surface of the Barth 
increaſes its Obliquity all the time it riſes, 
Thus, ſuppoſing the Ray TS paſſing out of the 

denſer 


Chap. 2. De Cauſę of Refraction, &c. 13 
denſer Medium ABCD into the rarer ABYZ, 
when it arrives at S it will begin to be attraQ- 
ed downwards, and fo will deſcribe the Curve 
SNL, and then proceed in the right Line LK, 
making a larger Angle with the Pe icular 
PR, than the Line TSX in which it proceeded 
during its Paſſage through the other Medium. 

The Space through which the Attraction of 
Coheſion of the Particles of Matter is extend- 
ed is ſo very ſmall, that in conſidering the 
Progreſs of a Ray of Light out of one Medi- 
um into another, the — it deſcribes 
in paſſing through the Space of Attraction is 
generally neglected; and its Path is ſuppoſed 
to be bent, or in the uſual Terms, the Ray is 
ſuppoſed to be refrated only in the Point 
where it enters the denſer Medium. 

Now the Line, which a Ray deſcribes be. 
fore it enters a denſer or a rarer Medium is 
called the Incident Ray; that which it de- 
ſcribes after it has entered, is the RefratFed 


Ade Angle comprehended between the In- 
cident Ray and the Perpendicular, is the An- 
gle of —.— and that between the refract- 
ed Ray and the perpendicular, is the Angle of 


Refraction. 

There is a certain and immutable Law or 
Rule, by which Refraction is always perform- 
ed; and that is this; Whatever Taclioation &. 


Ray of Light has to the Surface of * Medi- 
B 2 um 
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um before it enters it, the Degree of RefraQi- 
on will always be ſuch, that the Proportion 
between the Sine of the Angle of its Incidence, 
and that of the Angle of its Refraction, will 
always be the ſame in that Medium“. fn 
0 


Lemma. If from a Point as M (Fig. 4.) taken any where 
without the Circle $22 a Line as MP be drawn paſſing through 
L the Center of the Circle, and terminat-d in the Circumference 
at P. the Product of an by MP is equal to the Diffe- 
rence between the Squares of ML and PL. 

Demonſtration of the Lemma. Call M, à; and the Radius of 
the Circle LQ or LP, 6; then will the Diameter Q be expreſ- 
fible by 26, and the whole Line MP, by x Be then multiply- 
ing MQ by MP, that is, à by a- fz, we have for the Product 
of this, 'aa+2ab. Now the Square of the Line ML, which is 
expreſlible by a- b, is aa4:2ab+6b, and the Square of PL is bb; 
but the Diener between theſe Squares, vis. aa+2ab4-bb and 
bb is evidently aa+2ab; and therefore the Product of MQ mul- 
tiplyed by MP is equal to the Difference between the Squares of 
ML apd PL. 2.E.D. | a 

Demonſtration of the Propoſition. When a Ray of Light paſſes 
through the Space of Attraction of any Medium, it is evident that 
its Motion will be ſubje to the like Laws with that of Proje&iles, 

rovided we ſuppoſe it to be acted upon with an equal Degree of 
Peres during its whole Paſſage through that Space, as is the Caſe 
of Projectiles to whatever Height they are thrown from the Earth. 
We will therefore put a Caſe as nearly parellel as may be to that 
which was demonſtrated of Proje#:les in the ſeventh Chapter of the 
firſt Part; and ſuppoſe firſt, that the Force of Attraction of the 
denſer Medium is at all Diſtances the ſame as far as it reaches, and 
that the Ray proceeds out of a denſer into a rarer Medium; in 
which Caſe it will be attracted back towards the denſer Medium, 
during its Paſſage through the Space of Attraction, in like Man- 
ner as a Prozefile thrown upwards is while it riſes from the Earth. 
Let then ABCD (Fig. 4.) repreſent the denſer Medium, and AB 
EF the Space of Attraction; and let GH be a Ray about to enter 
the Force of Attraction at H, and let GH be produced to M. Now 
tis evident, that in this Suppoſition, the Ray when at H, is inthe 
ſame Circumſtances with a Proje#ile about to be thrown upwards 
from H towards M, it will therefore deſcribe a Portion ofa Parabola 

| a3 
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To illuſtrate this, Let us ſuppoſe ABCD 
(Fig. 3.) to repreſent a rarer, and ABEF a 
denſer Medium; let GH be a Ray of Light 


as HI; to which the Line HM will be a Tangent at H; and 
the Line IK, in which it would proceed after it has 

the Space of Attraction, a Tangent to it at I, for after having 
left the attractive Force at I, it goes ſtrait on in its laſt Direc- 
tion. Let the Perpendicular IR be drawn meeting GH produced 
in M, and let KI be produced to L. On the Center L with the 
Radius LI, deſcribe the Circle PNQ, let fall the Perpendicular 
LO upon MR, and join the Points L and N. Now it is demon- 
ſtrated in the Caſe of Projectiles, that the Parameter of the Point 


H is equal te and therefore the Parameter multiplied 


by MI is equal to HM. And it is there farther demonſtrated, 
that the ſaid Parameter is equal to four times the Height 
which a Body muſt fall from, to acquire the Velocity the Projectile 
has at H ; this Parameter therefore is a Quantity not-at all de- 
pending on the Direction of the Projectile, but on its Velocity only ; 
and conſequently in the preſent Suppoſition it is a given Quantity, 
the Ray GH being ſuppoſed to have the ſame Velocity, whatever 
is its Inclination to the Surface AB. Now the Tangent KI being 
produced to L, will by the Property of the Parabola, biſe the 
other Tangent HM, wherefore the Line LO being parallel to HR, 
MR will alſo be biſected in O; and adding the equal Lines OI 
and ON to each Part, MN will be equal to IR; but the Line IR 
1s alſo a Line independent of the Inclination of the Ray GH, its 
Length being determined by the Breadth of the Space of Attraction 
ABEF only, and therefore MN is a given Quantity. Now, - 

whereas MI, when multiplied by the Parameter of the Point H, 
which before was ſhewn to be a given Line, is equal to the Square 
of HM, therefore the ſame Line MI when multiplied by any other 
given Line (wiz. MN) if it is not to, will nevertheleſs bear 
a given Proportion to the Square of HM: But ſince MI multiplied 
by MN bears a given Proportion { viz. a Proportion that does not 
depend on the Inclination of the Ray GH) to the Square of MH, 
its equal, vix. the Product of MQ multiplied by MP (37. El. z.) 
or what is equal to this, the Di ce between the Squares of 
ML and PL (by the foregoing Lemma) or, which is the ſame 
Thing, of ML and LI, PL and LI are Radii of the ſame 


Crd 
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paſſing through the firſt and entering the ſecond 
at H, and let HI be the refracted Ray; then 
ſuppoſing the Perpendicular PR drawn through 
the Point H, on the Center H, and with any 


Circle) does ſo too. Now the Square of ML bears alſo a given 
Proportion to the Square of MH (ML being equal to half MH) 
0): wines there is a given Proportion between the Square of M 
L and the Difference of the Squares of ML and LI; and therefore 
there is a certain Proportion between the Lines themſelves, viz. 
between ML and LI. But in every Triangle the Sides are propor- 
tionable to the Sines of their oppoſite Angles, therefore in the Tri- 
angle MLT, the Sine of the Angle LMI has a given Proportion to 
the Sine of the Angle LIM, or of its Complenient to two right 
ones MIK (for they have the ſame Sine): But LMI being an An- 
gle made by the incident Ray GH produced, with the Perpendi- 
cular RM, is the Angle of Incidence, and MIK being made 
the refracted Ray IK, and the fame Perpendicalar, is the Angle 
of Refraction, therefore in this Caſe there is a conftant Ratio be- 
tween the Sine of the Angle of Incidence, and that of the Angle 
of Refraction. 2. E. D. 
We have in the foregoing Demonſtration ed that the 
Foree of Attraction is every where uniform, but if it be ocherwiſe, 
ided it be the ſame every where at the ſame Diſtances from 
the Surface AB, the Proportion between the forementioned Sines 
will ſtill be a given one. For, let us imagine the Space of At- 
traction divided into parallel Planes, and the Attraction to be the 
fame through the whole Breadth of each Plane though different in 
different Planes, the Sine of the Angle of Incidence out of each 
will, by what has been demonſtrated above, be to the Sine of 
the Angle of Refraftion into the next in a given Ratio; and 
therefore, fince the Sine of the Angle of Refraction out of one 
will be the Sine of the Angle of Incidence into the next, it is 
evident that the Sine of the Angle of Incidence into the firſt will 
be in a given Ratio to the Sine of the Angle of Refraction out of 
the Taft. Now let us ſuppoſe the Thickneſs of theſe Planes di- 
miniſhed in infinitum, 3 their Number proportionably increaſed, 
the Law of Refraction will ſtill continue the ſame ; and therefore 
whether the Attraction be uniform or not, there will be a con- 
ſtant Rarjo between the Sine of the Angle of Incidence and of 
Refraftion, E E. 9. vt | 


Radius 


* 
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Radius deſcribe the Circle APBR, and from 
G and I where the incident and refracted Rays 
cut the Circle, let fall — GK and IL 
rpendicularly upon the PR, the former 
of theſe will be the Sine of the Angle of Inci- 
dence, the latter of Refraction. Now if in 
this Caſe, the Ray GH is ſo refracted at H, 
that GK 1s double or treble, Ge. of LL, then 
whatever other Inclination the Ray GH might 
have had, the Sine of its Angleof Tncidence 
would have been double, or treble, c. to 
that of its Angle of Refraction. For Inſtance, 
had the Ra * Ly in the Line MH before 
Refraction, it would have paſſed in ſome Line, 
as HN afterwards, fo fitnated that MO ſhould 
have been'donble or treble, '&c. of NM 


When a Ray paſſes out of a Vacunm into 
Air, the e Sine of the Angle of Incidence is ſound 
to be 0 that of Reffaction, as Fakes to 
100000. 

When it paſſes out of Air into Water, as 
about 4t03. 

When out of Air into Glaſs, as about 17 
to 11. 9 

 Whenour of Am ino «Diamond, as About 
Sto a. 
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| CHAP. UI. 


of tbe Refoaftinn of Light in poſh Ing 
N thro — and e Surfaces. 


8 Rays of Light are come of having 
their Progeel: altered by Refraction or 
Re 


ection, it is poſſible they may have vari- 
ous Inclinations and Directions different from 
thoſe which they naturally acquire by proceed 
ing from the Surfaces of viſible Bodies. | 
When they recede from each other as they 
pe along, 1 55 are {aid to diverge; and the 
nt they proceed from, is called the Radi- 
ant Point. | 
When they proceed towards any Point ap- 
proaching nearer together in their r 
they are then ſaid to converge; and the Point 
towards which they tend, is * the Focus. 
This Focus may be either real or Inagina- 
ry; it is ſaid to be real, when the Rays actu- 
ally proceed to it; but if they are intercepted 
in their Progreſs, or turned another Way be- 
fore they reach it, it is called their imagina- 
ry Focus. | | 
Sometimes it happens, that Rays are ſo re- 
fracted or reflected, that they proceed after- 
wards, as from ſome Point, which is not their 
true Radiant, then alſo that Point is called 


their mary Foows. 
* When 
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When they proceed in parallel Lines, they 
are then called parallel Rays; and both their 
Focus and radiant Point is ſuppoſed to be at 


an infinite Diſtance. 
When Rays paſs out of one Medium into 


another, they ſuffer various Alterations in 


their Motion. All which are expreſſed in the 


eighteen following Propolitions. 0 


I. When parallel Rays fall oblicuely on a 
plain Surface of a — of different Denſi⸗ 
ty, they are parallel allo after Refraction. 

or having the ſame Inclination to the 
Surface, they ſuffer an equal Degree of Re- 
fraction. 

II. When diverging Rays paſs out of a ra- 
rer into a denſer Medium through a plain Sur- 
face, they are made thereby to diverge leſs. 

For being all refracted towards Their re- 


ſpective Perpendiculars, (which Perpendicu- 


lars are parallel to one another) they are brought 
nearer to a Paralleliſm themſelves; that is, they 
are made to diverge leſs than before. 


See this and the follow! es expreſ/Jed 


more determinately, - 2 es in the 
Note below*. | 


*1. When Rays paſs out of one Medium into another of dif. 


ferent Denſity gh plain Saas i ey diverge the focal 
Diſtance will — — the radiant Point; if they converge, it 


P of . ITS 


HI. When 


"2 
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III. When they proceed out of a denſer in- 
to a rarer Medium, the contrary happens ; 
for then being refracted from their reſpective 
Perpendiculars, they are made to diverge 


more. 

j IV. So 
the Sine of the Angle of Incidence is to that of the Angle of 
Refraction. 


This Propoſition admits of four Caſes. 

2 1. Of diverging Rays paſſing out of a rarer into a denſer 
edium. | | | 

Dem. Let X (Hg. 10.) repreſent a rarer, and Z a denſer Me- 
dium, ſeparated from each other by the plain Surface AB; ſuppoſe 
CE andCD to be two diverging Rays proceeding from the Point C, 
the one perpendicular to the Surface, the other oblique; through 
E draw the Perpendicular PK. The Ray CD being perpendieular 
to the Surface will proceed on 1n the right Line CQ, but the other 
falling obliquely on it at E, and there entring a denſer Madium, 
will ſuffer a Refracton towards the Perpendicular EK. Let then 
EG be the refrafted Ray, and produce it back till it interſects 
DC produced alſo, in F; this will be the focal Point. On 
the Center E and with the Radius EF, deſcribe the, Circle 
AFBQ, and produce EC to H; draw HI the Sine of the 
Angle of Incidence and GK that of Refraction; equal to this 
is FP or CM-which let be drawn, Now if we ſuppoſe the Paints 
D and E contiguous, or nearly ſo, then will the Line HE be al- 
moſt coincident with FD, ITE: therefore FD wall be to CD as HE 
to CE; but HE is to CE as HI to CM, becauſe the 'Friangles 
HIE and CME are ſimilar ; that is, the focal Diſtance oſ the Ray 
CE is to the Diſtance of the Radiant Point, as the Sine of the 
2 7 1 Incidence is to that of the Angle of RefraQtion, 
Obſ. 1. Wha eas the Ratio of TE to ME, or which i: the ſame 
Thing, that of nD to CD bears the exat Proportion of HI to CM, 
end becauſe this, (being the Ratio of the Sine of the Angle of 
incidence to that of the Angle of Refradion) is always the ſame, 
the Line In is in all Inclinations of the Rey CE, at the | 
Diftance from: CM ; conſequently had CE, been coincident wvithCD, 
the Point H had fallen upon; and becauſe the Circle paſſes 
igreugh both H and F, F would: alſo have fallen * 
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IV. So when converging Rays paſs out of 

a rarer into a denſer Medium, through a plain 

2 they are made thereby to converge 
els. 


For 


which Account the Focus of the Ray CE would have been there. 
But the Ray CE being oblique to the Surface DB, the Point H i. 
at ſome B, ace, from n; and 5 5 the Point F is neceſſarily. 
roo, and the more jo by bow. much the greater that Diffance is: 
from whence it is clear, that no two Rays ing From the ra- 
diant Point C and falling with different 2 iquities on the Surface 
BD, will after Refraftion there, procetd as from the ſame Point; 
therefore ftridtly. ſheaking, there is no one Point in the Line D pro- 
duced, that can mare properly be called the Focus of Rays flowing 
from C, than another: for thoſe. which enter the 7 Sur- 
face near D, will after abel, ceed, as bas been obſerved, 
rom the Parts about n; thoſe which enter near E, will flow as 
from the Parts about F; thoſe *obich enter about T, as from 
ſome Points in the Line DF produced, &c. And it is farther to be 
obſerved, that when the Angle DCE becomes. large, the Line nF 
#ncreaſes apace ; wherefare thoſe Nays which fall near T, proceed 
after RefraTion," as from a more diftgſed Space, than thoſe which 
fall at the ſame Diftance from each other near the Point D. * 
on which Account it is uſanl with Optical Writers to Juppoſe t 
Diſtance between the Points where the Rays enter the plain Surface 
of a rifraZing Medium, 10 be inconfiderable with * wg to the 
Hance of the radiant Point, if they 72 3 or to that of their 
D A Focus, if they conuenge: and unleſs there be ſome par- 
titular *. the contrary, they confider them, as entring tt 
refrating Medium in a Hirection as nearly perpendicular to its 
Sarfacts as be. 1 | 2 
E 2. Of diverging Rays proceeding out of a denſer into a 
rarer Medium. os 
Dem. Let X be the denſer, Z the rarer Medium, FD and FE 
two diverging Rays from the Point F; and fuppoſing 
the Perpendicular PK drawn as before, FP will be the Sine of 
the Angle of Incidence of the oblique Ray FE, which in this Cafe 
being refracted from the Perpendicular, will paſson in ſome Line 
as ER, which being produced back to the Circumference of the 
Circle will cut the Ray FD gs ſuppoſe in C, this = 
| Y 2 
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For being all refracted towards their re- 
ſpective Perpendiculars, they themſelves are 
2 brought nearer to Aa Paralleliſm, and ſo cOn- 


verge leſs, ̃ 
werk v. On 


fore will be the imaginary Focus of the refracted Ray ER; draw 

Res the Sine of the Angle of Refraction, to which HI will be 

equal: but here alſo FP or its equal CM, is to HI, as EC to EH, 

or (if the Point D and E be conſidered as contiguous) as DC to 

DF ; that is, the Sine of the Angle of Incidence is to the Sine of 

the Angle of Refraction, as the focal Diſtance to that of the radi- 

ant Point. 2. E. D. 

_ Caſe 3. Of converging Rays paſſing out of a denſer Medium in- 
to a rarer. : : 

Dem. Let Z be the denſer, X the rarer Medium, and GE the 
incident Ray, this will be refracted from the Perpendicular into a 
Line as EH; then all Things remaining as before, GRE, or its 

equal FP, or CM will be the Sine of the Angle of Incidence; 
and HI that of Refraction: but theſe Lines, as before, are to each 
other, as DC to DF ; that is, the focal Diſtance is to the Diſtance 
of the imaginary Focus, as the Sine of the Angle of Incidence to 
that of the Angle of Refraftion. ©. E. D. | | 

Caſ 4. Of conyerging Rays paſſing out of a rarer into a den- 
ſer Medium. r nh «4 

Diem. Let Z be the rarer, X the denſer Medium, and RE the 

incident Ray; this will be refracted towards the Perpendicular 

into a Line, as EF; C will be the imaginary Focus, and F the 
real one, HI which is equal to'RS, the Sine of the Angle of In- 
cidence, and FP that of the Angle of Refraction: but theſe are 
to each other, as DF to DC; and therefore the focal Diſtance is 
to that of the imaginary Focus, as the Sine of the Angle of Inci- 
cence is to that of the Angle of Refraction. 9. E. B. N 

II. When parallel Rays fall upon a ſpherical Surface of diffe- 
rent Denſity, the focal Diſtance will be to the Diſtance of the 

Center of Convexity, as the Sine of the Angle of Incidence is 

to the Difference between that Sine and the Sine of the Angle of 


Refraction- * 
This Fropoſition admits of ſour Caſes. 


Cofe 1, 


y V. On the contrary, when they proceed 
out of a denſer into a rarer Medium, they are 
refracted the * contrary Way, and ſo made to 
converge more. * 


All 


. Caſe 1. Of parallel Rays paſſing out of a rarer into a denſer 
Medium throu po convex Surface. | ay” 
Dem. Let AB (Fig. 11.) 1. 7 a convex Surface, C its 
Center of Convexity; HA and DB two PUR! Rays, paſſing out 
of the rarer Medium X into the denſer Z, the one dicular 
to the refracting Surface, the other oblique ; draw CB,-this being 
a Radius, will be perpendicular to the Surface at the Point B; 
and the oblique Ra DB being in this Caſe refrafted towards the 
Perpendicular, wil proceed in ſome Line,. as BF, meeting the 
other Ray in F, which will therefore be the Focal Point: produce 
CB. to N, then will DBN, or its equal B CA be the Angle of In- 
cidence, and FBC that of Refraction. Now, auhereas any. Azgle 
has the ſame Sine with its Complement to two right ones, t 
Angle FCB being the Complement of ACB, which is equal to the 
Angle of Incidence, may here be taken for that le; and 
therefore, as the Sides of @ Triangle have the ſame Relation to 
each other, 2 Sine. or oppoſite 5 772 2 FB being 
e to this Angle, and FC bei etot 2 rac- 
de eee ge of The es of 
Incidence and of Refraftion ; and for the ſame Reaſon CB 
be confidered as the Sine of the Angle CFB, which Angle 64; 
together with the Angle FBC, equal to the external one A 
(32. El. 1.) is itſelf equal to the Difference between thoſe two laſt 
r and therefore the Line FB is to CB as the Sine of the 
Angle of Incidence is to the Sine of an Angle which is equal to 
the Difference between the Angle of Incidence and of Refraftion. 
Now, becauſe in yery ſmall Angles as theſe are, for wwe e 
in this Caſe alſo the Diftance A Bio vaniſh, the Reaſon of which 
will be h“, by and by, their Sines bear nearly the ſame - 
ion to each other that they themſelyes do, the Diſtance FB will 
be to CB as the Sine of the Angle of Incidence is to the Diffe- 
rence between that Sine and the Sine of the Angle of Refraftion ; 
but becauſe BA vaniſhes, FB and FA are equal, and therefore FA 


js to CA in that Proportion, E. E. D. 
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All which may be illuſtrated in the follow- 
ing Manner. 1. Let AB, CD, (Fig. 5.) be 
two parallel Rays falling on the plain Suri 


Obſ. 2. I appears from the foregoing Demonſtration, that the 
2 Diſtance of the Obligue Ray DB, is ſuch, that the Line BF 
be to the Line CB vor CA as the Sint of the Angle of tnci- 
dence to the Sine of an Angle, which is equal to the Dj 
a between the 2. of Intidence and Refraftion; therefire 
long as the Angles BCA, &c. are ſmall, ſo long the Line BF 1s 
pretty much of the ſame Length, becauſe ſmall Angles have nta, 
the ſame Relation to each other that their Sines have. But tv 
the Point B ts R— ow A, fo that the Ray DB enters the 


Surface e about Angles BCA, &c. becomi 
. Angle of Incidence begins to bear a confider 


EN Proportion to the Sine of an Angle which it equal to the D 4 


ls between the Angle of Incidence and Refraftion than befort, 
and thrrefort the Line BF begins to bear a much laſi Proportion i 
BC; auberefbre its Length detreaſerapate : Upon Which Account 77 
Rays whith enter the Suf face about O, not only meet nearer | 
Center of Convexity than thoſt wwhith enter at A, but are calladeu 
into à more diffuſed Space. Pram henct it is, that rhe Point 
hee thoſe only which enter niar A, are cullicted, is rechonid tht 
true Focus; and the Diflante AB in all Dermibnflrations relating 


to the Foci of parallel Rays tntring 4 fpherical Surface whether 


convex or concave, is ſuppoſed to vaniſh. * 
Caſe 2. Of parallel ap paſſing out of a denſer into a rarer 
Medium through a convex Surface. % 1 
Dem. Let X be the denſer, Z the raret Medium. AB the Sor 
fate by which they are ſeparated, C the Center of Convexity 
HA and DB two parallel Rays, as before. Through B the Poih 
where the oblique Ray DB, enters the rarer Medium draw the Per 
icular CN ; and let the my DB, being in this Caſe refraQte 
om the Perpendicular, proceed in the Direction BM; produce 
M back to . this will be the tmaginaty Focus, and DBN, ox 
ts equal ACB will be the Angle of Incidence, and CBM, or 
cal BN (for they are vertical) that of Refraction; produ 


DE to L and draw BF ſuch, that the Angle LBF may be equal to 
: then becanſe NBD and DBH t 


* 


ogether are equal to NBEL 
the Angle of Refraction, therefore BCA which is equal to the firſt, 
and LRF which is equal tothe ſecond, are together equal » 2 

- , s , ng 


FA rn 8 img ac « ** * r «+4 4 = 
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E of a Medium of a differerit denſity: now 
becauſe the 


y both make equal Angles of Inci- 
Jence with their reſpective Perpendicular Gf, 


IK 


Angle of Refraction; but LBF is equal to BFA (as aker- 
nate to it) conſequently BFA and BCA together are equal to the 
Angle of Refraction; and therefore ſince one of them, vix. BCA 
is equal to the Angle of Incidence, the other is the Difference be- 
tween that Angle, and the Angle of Refraction. Now FB che 
Sine of the Angle FCB, or which is the ſame Thing, of its Com-' 
plement to two right ones BCA, the Angle of Incidence, is to 
CB the Sine of the Angle BFC, as FB to CB, that is av HB to 
CB; for the Angles DBH and LBF being equal, the Lines BF 
and BH are ſo too; but the Diſtance BA vaniſhing, HB is to CB, 
as HA to CA: that is, the Sine of the Angle of Incidence is to 
the Sine of an Angle which is the Difference between the Angle 
of Incidence and RefraQion, or becauſe the Angles are ſmall, to 
the Difference between the Sine of the Angle of Incidence and 
that of Refraction, as the Diſtance of the Focus from the Surface 
is to that of the Center from the ſame. Q. Z. D. 

Caſe. 3. Of parallel Rays paſling out of a rarer into a denſer 
Medium through a concave Surface. 

Dem. Let X be the denſer Medium having the concave Surface 
AB, and let LB and FA be the incident Rays. Now whereas, 
when DB was the incident Ray, and paſſed out of a rarer into a 
denſer Medium, as in Caſe the firſt, it was refracted into the Line 
BF, this Ray LB having the ſame Inclination to the icu- 
lar, will alſo ſuffer the ſame Degree of Refraction, and will there- 
fore on afterwards in the Line FB produced, v. g. towards P. 
So. that, whereas in that Caſe the Point F was the real Focus of 
the incident Ray DB, the ſame Point will in this be the imagj- 
nary Focus of the incident Ray LB: But it was there demonſtra- 
ted, that the Diſtance FA is to CA, as the Sine of the Angle of 
Incidence is to the Difference between that and the Sine of the 
Angle of Refraction, therefore the focal Diſtance of the refrac- 
tolRay oy; 2" en the Center of Convexity in that 

aſe 4. Of Parallel Rays paſſing out of a denſer into a rarer 
Medium through a.concave Surface. T1 

Dem. Let X be the rarer Medium, having the concave Surface 
AB, and bet LB and FA be the incident Rays, as before. Now 

* . whereas 


7 
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IK, beſore Refraction, they will make equal 
Angles of RefraQtion with them afterwards, 


and ſo proceed on in the parallel Lines BL 
| ; . DAE 


whereas, when DB was the incident Ray paſſing out of a denſer 
into a rarer Medium, it was refrafted into BM, as in Caſe the 
ſecond, . having a Point as H in the Line MB produced for its 
imaginary Focus ; therefore LB, for the like Reaſon as was given 
Tay, laſt Caſe, will in this be refracted into BH, having the 
ſame Point H for its real Focus. So that here alſo the Focal Diſ- 
tance will be to that of the Center of Convexity, as the Sine of 
the Angle of Incidence is to the Difference between that and the 


Sine of the Angle of Refraction. Q. E. D. 


III. When diverging or converging Rays enter into a Medium 
of different Denſity through a ſpherical Surface, the Ratio com- 
pounded of that which the focal Diſtance bears to the Diſtance of 
the Radiant Point (or of the imaginary Focus of the incident Rays, 
if they converge) ; and of that, which the Diſtance between the 
ſame radiant Point (or imaginary Focus) and the Center, bears 
to the Diſtance between the Center and the Focus, is equal to the 
- Ratio, which the Sine of the Angle of Incidence bears to the 

Sine of the Angle of Refraction. By | 
This Propoſition admits of fixteen Caſes. 

Ca/e 1. Of diverging Rays paſſing out of a rarer into a denſer 
Medium, through a convex Surface, with ſuch a degree of Diver- 
gency, that they ſhall converge after Refraftion, | 

Dem. Let BD (Fig. 12.) repreſent a ſpherical Surface, Cits 
Center of convexity, and let there be two diverging Rays AB © 
and AD, proceeding from the radiant Point A, the one perpen- 
dicular to the Surface, the other oblique. Through the Center C 
produce the perpendicular one to F, and draw the Radius CB 
and produce it to K, and let BF be the refracted Ray; then will 
F be the focal Point; produce ABto H, and through the Point F 
draw the Line FG parallel to CB. AB being the incident Ray, 
and CK perpendicular to the Surface at the Point B, the Angle 
ABK, or which is equal to it, becauſe of the parallel Lines CB 
and FG, FGH, is the Angle of Incidence. Now awhereas the 
Complement of any Angle to two right ones has the ſame Sint 
with the Angle itſelf, the Sine of the Angle FGB, that being the 
Complement of FGH to two right ones, may be confidered as the T 


— 
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DM. 2. Let the diverging Rays AB, AE, 
AF, (Fig. 6.) paſs out of à rarer into a den- 
fer Medium, through the plain Surface GH, 

4 and 


of the Angle of Incidence; which Sine the Line EB, as the Sides 
of a Triangle have the Relation to each other, that the Sines 
of their oppoſite Anglts have, may be taken for. Again, the An- 
gle FBC is the Angle of Refraction, or its equal, becauſe alter- 
nate to it, BFG, to which BG being an oppoſite Side, may be 
looked upon as the Sine. But FB is to BG in a Ratio com 

of FB to BA, and of BA to BG, for the Ratio that any two 
uantities bear to each other, is compounded of the Ratio, which 

the firſt bears to any other, and of the Ratio which that other bears 
Yo the ſecond. Now FB is to BA, ſuppoſing BD to vaniſh, ns FD 
to DA; and BA is to BG, becau/e of the parallel Lines CB and 
FG, as AC to CF, That is, the Raris compounded of FD, the 
Focal Diflance, to DA, the Diflance of the radiant Point, and of 
AC, the Diſtance between the radiant Point and the Center, to 
CF, the Diftance between the Center and the Focus, is equal to 
that which the Sine of the Angle of Incidence bears to the Sine 
of the Angle of Refraction. Q. E. D. 5 
Obſ. 3. Whereas the focal Diſfance of the oblique Ray AB is 
b., that the compound Ratio of FB 7% BA and of AC to CF 
ſhall be the ſame, whatever, be the Diflance between B and D; it 
is evident, that fince AC is always of the ſame Length, the 
more the Line AB lengthens, the more FB muſt lengthen too, or 
elſe FC muſt Sorten; but it appears by Inſpeftion of the Figure, 
that if BF lengthens, CFavill do ſo too, and in a greater Pro- 
por tion with reſpect to its own Length than BY will, therefore the 
| Lengthning of BF will conduce nothing towards preſerving the 
Equality of the Proportion: but as AB lengthens, and CF 
muſt both Sorten, which is the only poſſible Way wherein the Pro- 
portion may be continued the ſame. And it is alſo apparent, that 
the farther B nove, from D towards O, the foſter AB /engthens, 
therefore the farther the Rays enter from D, the nearer to 

the refrating Surfate is the Place where they meet, but the Space 
they are collected in, is the more diffuſed: - And therefore in this 
Caſe, as well as thoſe taken Notice of in the two foregoing Obſerva- 
rien, different Rays, though flowing from the ſame Point, all 
2 different Focus's; and none are ſo effeftual as theſe 
ich enter at or very near the Point D. And fince the ſame is ob- 
$ £ LOST DEE <0; 53 \,  ferwabls 
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and let the Ray AB be perpendicular to that 
Surface; the reſt being refracted towards their 
reſpective Perpendiculars EK, FM, will pro- 


able of converging as well as of diverging Rays, none except 
— which enter — near that — are — raked 2 
fideration ; upon which Account it is, that the Diſtance DB, in de- 
termining the focal Diflances of diverging or converging Rays en- 
trim a convex or concave Surface, is ſuppoſed to vaniſh, 
hoſe who would ſee a Method ofdetermining the preciſe Point, 
which the Ray AB, whether it be parallel, converging, or diverg- 
ing to the Ray AF, converges to or diverges from after Refraction 
at B or any other given Point in the Surface DO, may find it in 
the A ix to Meolintux's Optics, which for the Sake of thoſe 
who have not that Book, I ſhall ſubjoin at the End of this Note. 
Caſe 2. Of converging Rays paſſing out of a rarer into a denſer 
Medium through a concave Surface with ſuch a degree of Conver- 
gency, that they ſhall diverge after Refraction. 
Dem. Let the incident Rays be HB and FD paſting out of a 
rarer into a denſer Medium through the concave Surface BD, and 
tending towards the Point A, from whence the diverging Rays 
flowed in the other Caſe; then the oblique Ray HB having its 
Angle of Incidence HBC equal to ABR the of Incidence in 
the former Caſe, will be refracted into the Line BL ſuch, that its 
refracted Angle KBL will be equal to FBC the Angle of Refraction 
in the former Caſe; that is, it will proceed after Refraction in the 
Line FB produced, having the ſame focal Diſtance FD with the 
diverging Rays AB, AD, in the other Caſe. But, by what has 
been already demonſtrated, the Ratio compounded of FD, the 
Focal Diſtance, to DA, in thi: caſe, the Diſtance of the imaginary 
Focus of the incident Rays, and of AC, the Diftance between the 
ame imaginary Focus and the Center, to CF, the Diſtance between 
the Center and the Focus, is equal to that which the Sine of the 
bY OR bears to the Sine of the Angle of Refraction. 


aſe 3. Of diverging | out of a raret into a denſer 
Medium through a — gn. + ſuch a Degree of Diver- 

as to continue diverging. RW 
Dem. Let AB, AD (Fig. 13.) be the diverging Rays, and let 
their Divergency be ſo great, that the refracted Ray BL ſhall alſo 
diverge from the other ; produce LB back to F which will be the 
focal Foint; draw the Radius CB and produce it to K, 1 77 


Chap. 3. The Reæfraſtiano Light, &c. 29 
ceed in the Directions EN and FO, - diverg- 
ing in a leſs Degree from the Ray AP, than 
they did before Refraftion. 3. Had they pro- 


ceeded 


BA likewiſe towards G, and draw FG parallel to BC. Then will 
an. be the Angle of 7 whoſe Sine =y oy be taken for, 
as bei fite to the Angle BGF, which 1s ement of 
the * N And LBC is the Angie 1 — 
or its equal KBE, or which is equal to this, BFG, as being alter. 
nate; therefore BG the oppoſite Side to this may be taken for the 
Sine of the Angle of ion. But BF is to BG, for the like 
Reaſon as was given in Caſe the firft, in a Ratio compounded of 
BF to BA, and of BA to BG. Now BF is to BA, (DB vanifſhi 

as DF to DA, and becauſe of the parallel Lines FG and BC, 

Triangles CBA and AGF are fimilar, therefore BA is to AG as 
CA to AF, conſequently BA is to BA with AG, that is, 
to BG, as CA is to CA together with AF, that is, to CF, There- 
fore the Ratio com ed of DF the focal Diſtance to DA the 
Diſtance of the radient Point, and of CA the Diſtance between 
the radiant Point and the Center, to CF the Diſtance between the 
Center and the Focus, is equal to that which the Sineof the 
of Incidence bears to the Sine of the Angle of Refraction. 2. E. N. 


Caſe 4. Of converging Rays paſſing out of a rarer into a denſer 
Medium through a concave Surface in ſuch Manner that they ſhall 


continue con g 

Dem. Let HB and CD be the incident Rays paſſing out of the 
rarer into the denſer Medium through the concave Surface BD, 
and tending towards A the ſame Point from whence the diverging 
Rays flowed in the laſt Caſe. Then becauſe the Ray HB aas the 
ſame Inclination to the Perpendicular CK that AB had before, it 
will ſuffer the ſame of Refraction, and paſs on in the Line 
LB produced, having its Focus Pat the ſame Diſtance from the 
refracting Surface as that of the diverging Ray AB in the other 
o_ n i of Aube 

aſe 5. ivergi ys out of a denſer into a rarer 

Medion thro N is 8 | | 

Dem. Let AB, AD (Fig. 14.) be the incident Rays paſſing 
out of a denſer into a rater Medium the convex Surface 
BD whoſe Center of Convexity is C; and let BL be the reſracted 
Ray, which produce back to F, and draw FG parallel to CB. 
Here ARK is Angle of Incidence, to which its alternate one 
D 2 . FGB 
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eceded out of a denſer into a rarer Medium, 
they would have been refracted from their Per- 


pendiculars EK, FM, and therefore have di. 
verged 


FGB being equal, FB the oppoſite Side may be conſidered as the 
Sine of it. The Angle of Nefraction is LBC or FBK, of which 
BFG being the Complement to two right ones, BG the oppoſite 
Side may be looked upon as its Sine. But BF is to BG, in the 
compound Ratiq of BF to BA and of BA to BG for the Reaſon 
given above. Now (BD vaviſhing} BF is to BA as DF toDA, 
and BA is to BG as CA to CF. That is, the Ratio compounded 
of the non Diſtance to the Diſtance of the radiant Point, &c. 

„E. D. 8 
ſo" 6. Of converging Rays paſing out of a denſer into ararer 
Medium through a concave ce. | 
Dem. Let HB, CD, be the incident Rays tending towards the 
Point A which was the Radiant in the laſt Caſe. Then, for the 
Reaſons already given, the oblique Ray will ſuffer ſuch a Degree 
of Refra&ion, as to have its Focus Fat the ſame Diſtance from the 
Surface, as the diverging Rays AB, AD had in that Caſe. There- 
fore, Fc. Q. E. D. f 

When the Mediums through which Rays paſs, and the refracting 
Surfaces are ſuch, that Rays flowing from A (Fig. 12.) are col- 
lected in F, then Rays flowing from F through the ſame Me- 
diums the contrary Way, will be collected in A. For when Rays 
paſs out of one Medium into another, the Sine of the Angle of In- 
cidence bears the ſame Proportion to the Sine of the Angle of Re- 
fraction, as the Sine of the Angle of Refraction does to the Sine 
of the Angle of Incidence, When they paſs the contrary Way. 
This is applicable toeach of the fix following Caſes compared re- 
ſpectively with the fix foregoing ; therefore they may be conſidered 
as the Converſe of them ; or they may be demonſtrated indepen- 
dently of them, as follows. 

Caſe 7. Of diverging Rays paſſing out of a denſer into a rarer 
Medium through a concave Surface, ſo as to converge afterwards. 
Dem. Let AB, AD WA de two diverging Rays paſſing 
through the concave Su D into a rarer Madium. Let C be 
the Center of Conyexity, and BE the refracted Ray. Draw CB 
and produce it to K, and draw FG parallel to it meeting AB 
duced in G, Then will ABC be the Angle of Incidence, of which 
FB being oppoſite to . and equal Angle FGB, * 
conſidered as the Sine. Angle of Refraction is FBK, of w 

4 0 


be 
ich 
GB 
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verged more than before. 4. Let the con- 


ing Rays AB, CD, EF (Fg. 7) paſs 
— rarer into a 2 FAD 4 


GB being e t ones GFB, may 
be taken for the Sine. Now _—— — — 
of FB to BA, and of BA to BG. But (BD vaniſhing) FB i to BA 
as FD to DA, and becauſe of the parallel Lines CBand FG, BA 
is to BG as CA to CF. Therefore the focal Diſtance, Ac. Z. E. D. 

Caſe 8. Of converging Rays paſſing out of a denſer into a rarer 
Medium through a convex Surface, ——— ahaands 

Dem. Let GB and FD be the incident Rays tending towards 

R 
into BF, GB will in this be refracted into BL, for the Nea- 


A, 
ed 


14 9. Of diverging Rays paſſing out of a denſer into a rarer 
3 


ium through a concave in ſuch Manner as to continue 
Den. Let AB, AD (Fiz. 16.) be tuo paſing ont of 3 
denſer into a rarer Medium, Oe TT whoſe 


Center of Convexity is C. Draw CB, produce it to K, and let 
BL be the refracted Ray, produce BL back to F, and draw FG 
parallel to CB meeting BA produced in G. 'Then will ABC be 
arr: Incidence, n its alter 
nate and equal Angle FGB, may be as the Sine. The 
refrafted Angle is LB, or its equal CBF, of which BG being 
te to its Complement to two right ones BFG, is the Sine. 
ow BF is to BG in the com Ratio of BF to BA and of BA 
to BG: but BF is to BA as DF to DA; and becauſe of the paral- 
lel Lines CB and FG, the Triangles BCA, AGFare fimilar, there- 
fore BA is to AGas CA to AF, and conſequently BA is to BG as 
9 i 9. J. D. pe = 
Caſe 10. convergi paſſing out of denſer 
rarer Medium through . in ſuch Manner as to 


be the incident Rays tending towards the 


Dem. Let H 
Point A. Then will the oblique Ray HB for the Reaſons al- 
ready given be reſracted into BF. Therefore, &c. 2. Z. D. 
Cafe. 11. Of diverging Rays paſſing out of a rarer into a denſer 
Medium through a concave Surface. | 4 


Dem 
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the plain Surface G H, and let the Ray 
[AB be perpendicular to that Surface, then 


the other Rays being refracted towards their 
reſpective 


Dem. Let AB, AD (Fg. 17.) be the incident Rays paſſing out 
of a rarer into a denſer Medium, through the concave Surface BD 
e or vg the LineCB drawn 

and produced to K, the refracted Ray rawn and produced 
back to F, and alſo FG-drawn parallel to CB, ABC 17 
Angle of Incidence, of which FB being 89 its Comple- 
ment to two right ones BGF, is the Sine. Angle of R 
tion will be LBK or its equal FBC, of which BG being oppaſite 
to its equal and alternate one BFG, is the Sine. Now FB is to 
BG in the compotind Ratio of F Bto BA and of BA to BG. But 
) FBis to BA as FD to DA, and becauſe of the 


(BD vaniſhing 
el Lines FG and CB, BA is to BG as CA to CF, There- 


fore, &c. 2, F. DP). 
Caſe 12. Of converging Ra uoflag ont of a recee h - 


ſer Medium through a convex Surface. 

Dem. Let HB, MD be the incident Rays tending towards A 
the radiant Point in the laſt Caſe ; then, as was explained above, 
BF will be the refracted Ray, Therefore, fc. 2, E. D. | 
_ Caſe 13. 2 a denſer into a rarer Madium 
from a Point between the Conner of Conrenity end the Sirfice. 

Dem. Let AB, AD (Fig. 18.) be two Rays paſſing out of a den- 
ſer ina er aden frogs the Point A, which let be poſited 
between C the Center of Convexity and the — — 
through B draw CK, and let BL be the refracted produce 
BL back to F and draw FG to BC. Then will ABC be 
the Angle of Incidence, ofwhich BF — 414 — to its Com 
ment to two right ones BGF, is the Sine K will be the 
gle of RefraQtion, or its equal FBC, of which BG being 
to its alternate and equal one BFG, is the Sine. But, as before, 
1 Ratio of BF to BA and of BA to BG ; 
and:(BD- vaniſhing) BF is to BA as DF to DA, and becauſe the 
Lines CB and FG are 1 BA is to BG as CA to CF, 
Thefefore, Se. 2.8: 5. 

Gaſe 14. Of Rays puſſing out of a denſer into a rarer Medium 
towards a Point between the Center of Convexity and the Surface. 

Dem. Let the incident Rays be MD, HB,” tending towards A 
from whence the other proceeded in the laſt Caſe. Then as in 


a that 
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reſpective Perpendiculars DK, FM, vill pro- 
ceed in the Directions DN, FN — 


a leſs Degree towards the Ray AN, than they 


that Caſe the refracted Ray BL being produced back paſſed through 
F, in this the refracted Ray itſelf, for the like Reaſons as were 
, 2 will paſs through that Point. There- 
, Sc. 2. E. D. | 

Caſe 15. Of Rays paſſing out of a rarer into a denſer Medium 
from a Point — dy. — 42 and the Surface. 

Dem. Let AB, A 1g. 19.) be two diverging Rays paſh 
out of a rarer into a 45 Gene the nals Surface 
BD, whoſe Center of Convexity is C, a Point beyond * from 
whence the Rays flow. Through B̃ draw CK, and let BL be the 
refracted Ray, produce it back to F, and draw FG pazalle! to BC 
meeting BA produced in G. ABC will be the Angle of Incidence, 
of which BF being oppoſite to its alternate and equal Angle BGF, 
is the Sine. The Angle of Reſraction is LBK or its equal FBC 
of which BG being oppoſite to its Complement to two right ones 
BFG, is the Sine. But BF is to BG in the compound Ratio of 
BF to BA and of BA to BG ;, and (BD vaniſhing) BF is to BA 
as DF to DA, and becauſe of the parallel Lines CB and GF, the 
Triangles AFG and ABC are ſimilar, BA therefore is to AG as 
CA to AF, conſequently BA is to BA and AG together, that is, to 
BG, as CA is to CA and AF together, that is, to CF; and there- 
fore the focal Diſtance, '&c, 2. E. D. 

Caſe 16. Of Rays paſſing out of a rarer into a denſer Medium 
towards a Point between the Center of Convexity and the Surface. 
Dem. Let HB, MD bethe incident Rays having for their ima- 
ginary Focus the Point A which was the Radiant in the laſt Caſe, 
and let C the Center of Convexity of the refracting Surface be 
poſited beyond this Point. Then will HB, for the Reaſons already 
given, be refracted into BF, having the Point F for its real Focus 
which was the imaginary one of the diverging Rays AB, AD in 
the former Caſe. Therefore the Ratio compounded of that which 
the focal Diſtance bears to the Diſtance of the imaginary Focus of 
the incident Rays, and of that which the Diſtance between the 
ſame imaginary Focus and the Center, bears to the Diſtance be- 
tween the Center and the Focus, is equal to the Ratio which the 
Sine of the Angle of Incidence bears to the Sine of the Angle of 

Refraction. 2. E. D. 5. 


The 


the other Way, and therefore have converged 


through a convex Surface, and let 


1 ̃ 
. —T— — bÄQÄ cone ay ney 
* 
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did before. 5. Laſtly, had the firſt Medium 
been the denſer, they would have been refracted 


more. 
VI. When 


The firſt Term in the ing Proportion (vix. that in Pro- 
poſition the 3d of this Note) being always an unknown Quantity, 
thoſe who are not well verſed in the Uſe of ſuch Propoſitions, may 


think it impoſſible to inveſtigate the focal Diſtance of any refract- 


ing Surface by it : I ſhall therefore exemplify it in the followi 
Inſtance, by which the Manner of doing it in all others wi 
clearly be underſtood. H. g. Let it be required to determine the 
focal Diſtance of diverging Rays paſting out of Air into Glaſs 
iſt ance of the radiant Point 
be 20, and the Radius of Convexity be 5: Now becauſe we muſt 
make Uſe of the focal Diftance before we know it, let that be ex- 
preſſed by ſome Symbol or Character as x : Then, becauſe by the 


aforeſaid Propoſition the Ratio compounded of that which the fo- 


cal Diſtance bears to the Diſtance of the radiant Point (that is in 
this Suppoſition, of x to 20); and of the Ratio which the Diſtance 
of the ſame radiant Point from the Center bears to the Diſtance be- 
tween the Center and the Focus (in this Caſe, of 25 to x— 5) is 
equal to the Ratio which the Sine of the of Incidence beats 
to the Sine of the Angle of Refraction that is, of 17 to 11), we 
ſhall have in the Inſtance before us, the following Proportion, wiz. 


"il Tae ::17 : 11, and compounding them into one, 
25: x={ } 
which is done by multiplying the two firſt Parts together, we have 
25 : 20x—100 :: 17 : 11, and multiplying the extream Terms 
and middle Terms together, 340x—1700==27 5x, which Equa- 
tion after due Reduction gives & . 

In ſome Caſes which might have been put, the Quantity 65 
would have been negative, and then the Quotient ariſing from 
1700 divided by that, would have been ſo too; that is x the focal 


Diſtance would have been Negative, in which Caſe the Focus muſt 


have been taken on the contrary Side the Surface to that on which 
it was ſuppoſed to fall in ſtating the Problem ; that is, it muſt 
have been taken on the {ſame Side with the radiant Point, for in 
calling the Diſtance between the Center and the Focus x—5 it was 
ſuppoſed the Focus would fall on the ſame Side with the Center, 


or on that which is oppoſite to the radiant Point, becauſe * 
| tha 


1 * —C— ke. es. 4 LA 


_ * from the Center of the Sphere. 
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VI. When Rays proceed out of a rarer in- 
to a denſer Medium, through a convex Sur- 
face, if they are parallel before Refraction, 
they become converging afterwards, 
For 


that Diſtance muſt have been expreſſed by æx C, as any one may 
ſee by InſpeRion of the 13th or 14th Figure, in which the Focus 
of diverging Rays entring a convex Surtace, is ſuppoſed to fall on 
** * Side with the 7 Point. | 8 
n like Manner as this Problem was performed, a general 
orem may be raiſed to ſolve it in all Caſes whatſoever, by uſing 
Characters inſtead of Figures; as every one who is not unacquain+ 
ted with algebraic Operations very well knows. - "3-7 
See this done, and applied to the Paſſage of Rays through the 
Surface of Lenſes in the ſecond Note to the following Chapter. 


A Method of determining the Point which a Ray, entring a ſphe- 
rical Surface at any given Viſtance from the Vertex of it, converges 
to or diverges from after Refraction at the ſame. From the Appen- 
dix to Molineux's Dioptrics. 4% 

. © Prop. To find the Focus of any Parcel of Rays diverging rum, 
** or converging to 2 given Point in the Axis of a_ ſpherical Lens 


A vince and inclined thereto under the ſame Angle; the 


Ratio of the Sines in Refraction being known. 
Let GL (Tig. 20 ) be the Lens, P any Point in its Sutface, 
*« V the Pole [Vertex] thereof, C the Center of the Sphere 


* whereof-it is a Segment, O the Object or Point in the Axis to 


* or from which the Rays do proceed, OP a given Ray; and let 


the Ratio of Refraction be as r tos ; make CR to CO as 5 to 


for the Immerſion of a Ray, or as r to 3 for the Emerſion, (that 
«« is, as the Sines of the Angles in the Medium which the Ray en- 
«« ters,.. to their correſponding Sines in the Medium out of which 
it comes) and laying CR from C towards O, the Point R hall 


be the ſame for all the Rays of the Point O. Then draw the 
Radius PC (if Need be) continued, and with the Centet R and 


«« Diſtance OP ſweep a Touch of an Arch interſecting PCinQ; 


the Line QR being drawn ſhall be parallel to the refracted Ray, 
and PF bo. made parallel thereto, ſhall interſect the Axis in 


„the Point F, which is the Focus ſought. Or make it as CQ. 
*«CP.:: CR: CF, and CF fhall be the Diſtance of the Focus 


3 
Hen. 


9 * 
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For in this Caſe, the Perpendiculars at the 
Points where the Rays enter the Surface, are 
all drawn from the Center of Convexity on 

| RY the 


Dem. Let fall the Perpendiculars PX on the Axis, CY on the 
2 Ray, and CZ on the refracted Ray. By the Conſtruction 
*« PF and QR are parallel, whence the Triangles QRC and PFC 
* are ſimilar, and CR to QR, as CF to PF, thatis CR to OP as 
* CF to PF. Now CF: PF: : CZ: PX ob fimilia Triang. 
66 whence CR: OP: : CZ: EX. and CR: CZ:: OP: PX. Again, 
«+ CR1s to CO as the Sines of Refraction by Conſtruction, that 


« is, as f to r, or to ; and as CR to CZ, ſo (CO =) < or 
4 9 fa. 

** "CR to 7 or CZ, and ſo is PO to PX: But as PO to PX, 
Wk | Hr PIN 

* ſo OO to CY. Ergo CY =—or —CZ, that is, CY to CZ isas 


| 1 
** the Sines of Refraction, but CY is the Sine of the Angle of In- 
«« cidence. and CZ of the refracted Angle. Ergo conſtat Propoſi- 
1 tio, Sr n | | 
Hitherto we have conſidered only oblique Rays ; it now re- 
e mains to add ſomething concerning Rays parallel to the Aris: 
«© Tn this Caſe the Point O muſt be confidered as infinitely diſtant, 
« and-conſequently OP, OC, and CR are all infinite ; and OP 
'« and OC are in this Cafe to be accounted-as always equal, (ſince 
they differ but by a Part of the Raias of the Sphere GPVL, 
«« which is no Part of either of them) wherefore the Ratio of CR 
to OP will be always the ſame, vix- as to 7 for iminerging 
% Rays, and as v to ; for thoſe that emerge. And by this Propo- 
«« ſition CF is to PE in the ſame Ratio. It remains therefore to 
*c. ſhew on the Baſe CP how to find all the Triangles CPF, wherein 
« CF is to PF in the Ratio given by the Degree of Refra&ion. 
4% This Problem has been very fully conſidered by the celebrated 
«© Dr. Wallis in his late Treatiſe of Algebra, p. 258, to which I 
4 refer ; bk I muſt here repeat the Conftradtion thereof. See 
„ Fi. 21 and 22. 3 | 1 
« fer GPVL be a Lens, VC or PC the Radius of its 17 ans 
44 let it be required to find all the Points 7, c as C/ may be 
. © to P . given Ratio of 5 to 7 for erging Rays, or as 


tos for the emerging. Divide CV in K, and continue CV to 
« F, that CK may be to VK, and OF ro VF in the propoſed Ra- 
i. Then divide KF equaſſy in the Point a, and with that 

: % Center 


Chap. 3. De Refr ation of Light, &c, 3 7 


the other Side ; and therefore, as the Rays 
are refracted towards thoſe Perpendiculars, 
they are neceſſarily refrated towards each 
other, and thereby made to converge. | 
Tet it be remembered, that in the foregoing 
Cafe and in all others where Rays are ſaid 
fo paſs through a convex or concave Surface, 
the Surface ir ſuppoſed to belong to that Me- 
dium, into which the Rays enter, not to that 
out of which they paſs. Thus, when Rays 
paſs out of a denſer Medium that has a con- 
der Surface into a Vacuum, they are ſaid to 
paſs through a concave Surface, the Surface 
the Vacuum into which they enter in that 
aſe, being ſuch. b 
II. If they enter diverging, then for the 
ſame Reaſon, they are made to diyerge leſs, 
to be parallel, or to converge, according to 


Center ſweep the Circle FKF ; this Circle being drawn gives 
t readily all the Feci of the parallel, Rays OP, OP. For having 
continued CP till it interſect the Circle in F, PF ſhall be always 
« equal to V/ the Diſtance of the Focus of each reſpeRive Parcel 
i« of Rays OP from the Vertex or Pole of the Less. 
«« To demonſtrate this, draw the prickt Line VF, and by what 
« is delivered by 82 in the —＋ 5 de + and CF 
« will be always in the ſame atio. in, V/ bei 
made equal to Pb, CF a & will be . — 
« CP, VC; and the Angles PC /, VCF being ad verticem are alſo 
&« equal : Wherefore Pf will be equal to VF, and conſequently 
« Cfto PF in the ſame Ratio as CF to VF, whence, and by what 
«© foregoes, the Points 7, ,, are the ſeveral reſpective Foci of the 
« ſeveral Parcels of Rays, OP, OP. 2 E. D. 


If any one would ſee how this is to be applied in all other In- 
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nces, he may conſult the Place. 


E 2 the 


— — — 
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the Degree of Divergency they have peſore 


they enter. 
Por if they diverge very much, their being 


bent towards their reſpective Perpendiculars j in 
paſſing through the Surface, may only diminiſh 

their Divergency; whereas, if they diverge in 
a ſmall Degree it may make them parallel, or 
even to converge. What Degree of Divergency 
or: Convergency before Refraction in this and 
the following Caſes, is neceſſary to make Rays 
become parallel, will be ſhewn at Section the 
17th of this Chapter. 


VIII. If they converge in ſuch Manner as 


to tend directly towards the Center of Con- 
vexity before they enter the Surface, they-fall 


in with their reſpective Perpendicylars, = fo 
— $ on to the Center without ſuffering ; any 
f. | 


action. 


IX. If they converge leſs than their Perpen- 
diculars, that is, if «they tend to a Point be- 


ond the Center of Convexity, they are made 


| by Refraction to converge more; and if they 


converge more than their Perpendiculars, that 


is, if they tend towards a Point between the 
Center and the Surface, then by being reſracted 
towards them, they are made to converge leſs. 


This and the three foregoing, Propoſitions 


* be illuftrated in the following Manner. 


Lee AB, CD (Fig. 8.) be two parallel 
Raye entring a denſer p Oy ir through the 


POnver Surface DB, whole Center of Convex- 
| ity 


Ln Wo «-_©» n 1 1 
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ity is E; and let one of theſe, vis. AB be per- 
pendicular to the Surface. This will paſs on 
through the Center without ſuffering any Re- 
fraction, but the other being oblique 0 the. 
Surface, will be refracted towards the P 
dicular ED, and will therefore be made to pro- 
ceed in ſome Line, as DG, conyerging towards' 


the other Ray, and meeting it in G, which 


Point for that Reaſon is called the Focus. 2. 
Had the Ray CO diverged from the other, ſap- 
poſe in the Line AD, it would, by being re- 
tracted towards its Petpendicular D, have 
been made either to diverge leſs, be len 
or to con verge. 3. Let the Line ED be 
duced to F, and if the Ra had converged, 72 
as to have deſcribed the Line FD, it would” 
then have been coincident with its Perpendicu- 
lar, and have ſuffered no Refraction at all. 4. 


If it had proceeded from any Point between C 
and F, as from H, or which is the ſame Thing, 


towards any Point beyond E in the Line BE 
produced, it would have been made to con- 


verge more, by being refracted towards the 


Perpendicular DE, which converges more than 
it; and had it proceeded from ſome Point, as 


* on the other Side F, that is, towards any 
Point between B and E, it would then have 
dicular, and fo, 
being refracted towards it, would have been 


converged more than its P 


made to haye conyerged len 


X. When | 
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X. When Rays proceed out of a denſer into 
a rarer Medium, through a convex Surface, 
the contrary happens in each Caſe, 

For being now refracted from their reſpectivo 
Perpendiculars, as they were before towards. 
them, if they are parallel before Refraction, 
they diverge afterwards; if they diverge, their 
te Dri is increaſed; if they converge in 

Direction of their Perpendiculars, they ſuf⸗ 

Refraction; if they converge leſs than 
da 9 Pe o they are made 
to conve to be parallel, or to di- 
verge; Forer 2 more, their Conver- 

2 is 3 which may clearly be 

y the Figure, Niro lip any farther Illuſ- 
kd imagining the Rays AD, CD, Sc. 
bent the contrary Way in their Reſradtions to 
what they were in the former Caſes. 

XI. When Rays proceed out of a rarer into 
a denſer Medium, rough a concaye Surface, 
if they are parallel HINTS Reffattion, they are 
made to diverge. ET | 

For in this Caſe, the Pe rpendiculars at the 
Points where the Ray s enter * Surſace, being 
drawn from a Point on that Side of the Surface 
from which the Rays tend, if we conceive them 

to pats, through the Surface, they will be ſo 
—= diverging. Lines on the other Side, and 
t re the Rays after they have paſſed throug zh 
the ſame Points, muſt neceſſarily be rendered 


OR, in being refracted n them. 
. II. 11 


- 


Chap. g. Te Rafructiunof Light, We. At 
XII. If they diverge before Refraction, then 
for the ſame Reaſon, they are made to diverge 
more. 

XIII. Unleſs they roceed directly from the 
Center, in which G e they fall in Lind theit 
Perpendiculars, and ſuffer no oRefraion: : or from 
ſome Point between the Center of Convyexity 
and the Surface, for then they diverge more 
than their reſpective Perpendiculars, and there- 
fore being by Refraction brought towards them, 
they become leſs diverging. 

XIV. If they converge, then being bee 
towards their Perpendiculars, they — cith 
made leſs converging, parallel, or diverging, 


according to the Degree ey conyerged i in be- 
fore Refraction. 


To illuſtrate this, and the three foregoing 
Caſes. 1. Let AB, CD (Fig. 9.) be two pa- 
rallel Rays entring the concavearid denſer Me- 
dium X, the Center of whoſe conve 
E, and the Perpendicular to the reffacting Sur- 
face at the Point D, is EF; the Ray Ah if 
we ſuppoſe it perpendicular to the Surfice at B 
will will phos roceed on directly to G; but the oblique 

D 


being en of towditls the Re 
Gculat DF, in recede from the other 
AG in Ga Line as DH. 2. * Arey 1 


bad proceeded from A divetgin 

tion AD it would have wor es Shed to Dies 
Perpendicular, and therefore have diverged 

INOIE. 3. But if i it had diverged from the Cen- 


ter 


K — ů - ö„ — - 
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ter E, it would have fallen in with the Per- 
ndicular EF, and not have been refracted at 
all: and had it proceeded from I, a Point on 
the other Side the Center E, it would by being 
refracted towards the Perpendicular DF have 
proceeded in ſome Line nezrer it than it other- 
wiſe would have done, and ſo would diverge 
leſs than before Refraction. 4. If it had con- 
verged in the Line LD, it would have been 
rendered leſs converging, parallel, or diyerging, 
according to the Degree of Convergency, which 
8 had before it entered into the refracting Sur- 
e. 
XV. If the ſame Rays proceed out of a den- 
ſer into a rarer Medium through a concave Sur- 
face, the contrary happens in each Suppoſiti- 
on: The parallel are made to con verge; thoſe 
which diverge leſs than their reſpective Perpen- 
diculars, that is, thoſe which proceed from a 
Point beyond the Center, are made leſs diver- 
ging, parallel, or converging, according to the 
Degree in which they diverge before Refraction; 
thoſe which diverge more than their reſpective 
Perpendiculars, that is, - thoſe which proceed 
from a Point between the Center and the re- 
fracting Surface, are made to diverge ſtill more. 
And thoſe which converge, are made to con- 
verge more. All which may eaſily be ſeen by 
conſidering the Situation of the Rays AD, CD, 
c. with Reſpect to the Perpendicular EF; 
and therefore requires no farther Illuſtration. 
0 XVI. When 
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fall upon 


Rays. 


efraction, 


# 3 


Rays comitig 


at an infinite Diſtance. 


XVIII. When Rays 
nearer. the refracting Sutface than the Focus of 
dea Rays, they continue to diverge aſter 

and w is then an imagi- 


nary 


FN 


Point is to the refracting Surſace, 
is their: Focus from * on. the other: Abe, and 


* 14495 
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XVI. When divergiris Rays are by Refracs 
tion made to converge, the nearer their radiant 


the farther 


parallel Rays AB 
"geared 


proceed! from 4 Point 


9 91 


Hep ths nearer tie Radiene Point is to the 
refraQting Surface, the more the Rays which 
the ſame Points of i it, diverge 
Refraction, upon 
the lefs afterwards. 

XVII When the fadiant Point is at td 
Diſtance from the Surface, at which parallel! 
through it from the other Side 
would by Reſraction be collected, then Rays 
flowing from that Point become parallel on the 
other Side, and ate ſaid to have their Focus 
For the Power of Re- 
fraction in the Medium is. the ſame, whether 
the Ray paſſes one Way or the other. 
Inſtance, if the parallel Rays AB, CD:(Fig."8) 
in paſſing through the refrafting Surface BD 
are brought to a Focur in G, then Rays flow- 
ing from G as a tadiant Point will alter wards 
proceed in the parallel Lines BA and DC. 
And the Point G, where the 
and CD meet, is _ the Focus 7 


beſore 
which Account thay win 


For 
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one, and ſituated on the ſame Side the 
Surface with the Radiant. 
For in this Caſe, their Divergency being 
greater than that which they would have, if 
they had proceeded from the Focus of parallel 
Rays, they cannot be brought to a Paralleliſm 
with one another, much leſs be made to con- 
verge, and therefore they continue to diverge, 
though in a leſs Degree than before they paſ- 
ſed through the refraQting Surface; upon which 
Account, they proceed after Refraction, as if 
they came from ſome Point farther diſtant from 
the reſracting Surface than their Radiant. 


' CHAP. Iv. 


Of Lenſes; andthe Manner in which Rays 
are aſfected in paſſing through them. 


NRJ Lens, is a Medium terminated on one 
| Side by a ſpherical Surface, on the other 
by a Surface either plain or ſpherical. And of 
theſe there are five Sorts. The firſt, as A, 
(Fig. 23.) is plain on one Side and convex on 
the other; the ſecond, B, convex on both 
Sides; the third, plain on one Side and con- 
cave on the other, as C; the fourth, D, con- 
cave on both Sides; the fiſth, convex on one 
Side and concave on the other, as E, which is 
by ſome called a Meniſtus. Fel 
e 
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The Axis of a Lens is a Line pa pate 
pendicularly through both its Surſaces: | 
the Line FG isan — — * 

Lenſes are diſtinguiſhed into two general 
Kinds, convex and/concave ; the firſt and ſe- 
cond Lenſes are conſidered, as convex; the 
third and fourth, as concave: the laſt, if its 
Convexity is greater than its Concavity, is 
looked upon, as convex; if abe Saturf, 
it is conſidered as oo %ę . 

A Lens is always ſuppoſed to conſiſt of a 
Medium denſer than the circumambient one, 
unleſs where the contrary is expreſſed. 

When parallel Rays fall upon the Surface 
of a convex Lens, they are refracted towards 
each other in through it, and thereby 
collected to a Focus on the other Side. 

To explain this, let us trace the Progreſs of 
a Ray as AB (Tig. 24.) through 8 conxex 
Lens CDEH, whoſe Axis is IK. Let L be 
the Center of the firſt Convexity CDE, and M 
that of the other CHE; and — the Ray AB 
de parallel to the Axis; through B oo the 
Line LN which will be perpendicular to the 
—— CDE at that Point. The Ray AgB in 

the denſer Subſtance of the Leus wil 
—_ reſracted towards the Perpendicular, and 
therefore proceed aſter it has entered the Sur- 
face at BY in ſome Direction inclined. towards 
the Axis, as BP. Through M the Center of 
— of this Sate and the Point P wig: 
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che Line MR, which paſſing through the Cen- 


tet will be perp lar to the Surface at P, 
and the Ray now entring a rarer Medium! wil 
be refracted from the dicular into ſome 
Direction as PF. In like Manner, and for the 
fame Reiſons,- the parallel Ray ST. on the 
other Side the Axis, and alſo all the interme- 
diate ones as XZ, Sc. will meet it in the ſame 
Point, unleſs the Rays Ah and 8 T enter the 
Surface of the Lens at too great a Diſtance 
from the Axis IE, the Reaſon of which has al- 
ready bee fully explain n e 
The Point F where the parallel Rays AB. 
SF, Sc., are ſuppoſed to be collected hy paſ- 
fing through the Leun QE, is called the ects 
of parallel Rays of abut E 
f the Rays converge" beſore they enter the 
Leut. they ate then collected at a Point ncarer 
— the- Les than the Focus: of patallel Rays. 
Tf they diverge beforetheyenter the Luut, they 
are then collected in « Point beyond ; unleſk 
they proceed from a Side at 
the fame Piſtance with tlie Focus of parallel 
Rays, in which Caſe they are rendered paral- 
Tel.' If they proceed ftom a Point nearer than 
that, they "diverg? afterwards, but in a leſs 
1 thats beſere they enter the Lu . 
f the Lens is plain on one Side and convex 
on the other, the Ns are wild! the ſame 
Way, dat in a leſs Dogice. BIN A lat 


+ Fat 


dee — 3. — Note, BE 
Had 


*- as. Se. ( 
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Had the Rays AB, 8 T proceeded from/a 
radiant Point on- one Side the Lens, and been 
collected in a Focus on the other; then if they 
ſhould be ſuppoſed to proceed from that focal 
Point as from a Radiant, and paſs through the 
Lens the contrary Way, they would be col- 
lected in that Point which was the Radiant in 
the other Caſe: and the heater the Radiant 
Point is to the Lens, the farther is the Raus 
from it on the other Side, and vice verſa. 

If the Rays AB, CD, EF, * 05 25) 
be parallel to each other, but obliqu G15 
Axis of the Lens IK, or if the — Rays 
CB, CF, proceed as from: ſome Point C which 
is not fituated in the Axis of the Lens, 
will be collected into ſome Point as L, not 
directly oppoſite to the Radiant C, but nearly 
ſo: for the Ray CD which paſſes through M 
the Middle of the Lens and falls upon the Sur- 
face of it with ſome Obliquity, will itſelf ſut- 
fer a Refraction at D and N; but then it will 
be refracted the contrary: Way in one Place to 
what it is in the other, and theſe Refractions 
will be equal in Degree if the Lens has an equal 
Convexity on each Side, as we may calily per- 
ceive if we ND to be a Ray paſſing 
out of the Lens both at N and D, for it is evi- 
dent the Line ND has an equal Inclination to 
each Surface at both its Extremities. Upon 
which Account the Difference between the Si- 
| tuation of the Point L and one directly * 

te 


ſite to C, is ſo ſmall, that it is generally neg- 

lected; and the Focus is ſuppoſed to be in that 

Line, which a Ray, that would paſs through 

the middle Point of the Lens, were it to ſuf- 

fer no Refraction, would proceed in. | 
All which is ſufficiently clear, from what 

has been ſaid concerning the Laws of Refrac- 

tion explained in the foregoing Chapter. 

| When parallel Rays fall upon a concave 

. Lens, they are refracted from each other in 

| paſſing through it, and thereby made to diverge, 

| proceeding as from an imaginary Focus on the 

| firſt Side the Lens. 

| In order to comprehend this, let ABCD 

| (Fig. 26.) repreſent a concave Lens, EF its 
Axis, GH the Radius of the firſt Concavity, IK 
that of the ſecond ; produce HG to L, and let 
MG be a Ray of Light entring the Lens at the 
Point G. This Ray being refracted towards 
the Perpendicular GL, will paſs on to ſome 
Point as K in the other Surface more diftant 
from the Axis than G, and being there refract- 
ed from the Perpendicular IK, will be diverted 
farther ſtill from the Axis, and proceed in the 
Direction KN as from ſome Point, O, on the 
firſt Side of the Lens. In like Manner other 
Rays as PQ parallel to the former, will pro- 
ceed after Refraction at both Surfaces as from 
the ſame Point O; which upon that Account 
will be the imaginary Focus of parallel Rays 


traction, and vice versd. 


focal Diſtances of Lenſes is to be had from the 


the firſt Surface where they enter a Lens, is 
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If the Rays diverge before they enter the 
Lens, their i Focus is then nearer the 
Leus than that of the parallel Rays. If they 

con verge before they enter the Lens 


ing towards ſome diſtant Point in the Axis as 


E, they are then rendered lefs conyerging: if 
they converge to a Point at the ſame Diftance 
from the Zens with the Focus of parallel Rays, 
they then go out parallel; if to a Point at a 
leſs Diftance they remain converging, but in a 
leſs Degree than before they entered the Lens. 

When the Rays enter the Lens diverging, 
the nearer their radiant Point is to it, the 
nearer alſo is their imaginary Focus after Re- 


If the Lens is plain on one Side and concave 
on the other, the Rays ſuffer a like RefraQtion 
in each Caſe, but in a leſs 

The Truth of what has been faid concerning 


the Paſſage of Rays through a concave Lens, 


is eaſily to be deduced from the Laws of Re- 
fraction delivered in the foregoing Chapter. 
But the Method of determining 


Propoſitions laid down and demonſtrated in the 
Note in the foregoing Chapter. Thus, the 


Progr 


eſs of the Rays after their Refraction at 


had by one of thoſe which determines the fo 
cal Diſtance of Rays entring a denſer Medium 
of ſuch Form: And their after their 

Re- 


ts 


| 
| 
| 
| 
| 
| 


' 
| 
| 
| 
' 
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Refraction at the other Surface where they go 
out, is had by computing what Progreſs Rays, 
moving in the Direction they are ſound to have 
after their Entrance at the firſt Surface, will 
acquire by being refracted at the other; which 
is to be effected by one which determines the 
focal Diſtance of Rays paſling out of a deriſet 
Medium of like Form with that of the Laus“. 
5 [01> GW 2 © When 


Or a general Theorem may be made after the following Man- 
ner, to determine the Progreſs of Rays after Reſraction at both 
Sides of the Lens, whatever be the Matter of it, or the Form 
wherein it is made. | [HOT 17%: 674.3 
Thus ſuppoſe GH (Fig- 28.) to be a given Lens, and E a Point 
in its Axis from whence the diverging Rays EL, gc. fall upon 
the Lens, AL the Radius of the firſt Convexity, and CK that of 
the fecond ; let LKf be the Direction of the diverging Ray EL 
after its Refraftion at the firſt Surface, and IF its Direction after 
Refraction at both. Then will F be the Focui of the Rays after 
their firſt Refraction, and F the Point they will meet in after both. 
Let BD be the Thickneſs of the Lens, and let the Proportion which 
the Sine of the Angle of Incidence bears to the Sine of the A 
of Refraction be expreſſed by the Ratio of I to R. Call EB, 4; 
BD, +; AB, ; CD, ; Bf, x; DF, 5: Now, to find F their 
Focus after Refraction at L where they enter the firſt Surface of the 
Lens, comes under the third Propoſition in the forementioned 
Note : According to which the Ratio compounded of x, the focal 
Diftance ſought, to d, the Diſtance of the radiant Point ; and of 
Ar, the Dilance between the ſame Point and the Center, to 
*r, the Diſtance between the Center and the Focus, is as I ta R; 
compounding theſe two Ratios therefore (that is multiplying them 
together) we have dx-rx: dx—dr:: I: R: which Proportion 
bein N into an Equation, and duly reduced, gives & 


— — 


DNN | wa 0 8 1 | | * 
Thus having found the Diſtance B/, and conſequently the Polnt 


V to which the Rays converge from L, we muſt proceed to ſind E, 


that to which they will converge after having paſſed 3 K 
8 where 


ay » 


az ww 4A PA Po. = yd © _ 
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When a Ray paſſes through a Medium ter- 
minated by: nw plain hot AT LE Surfaces, it 
1 is 


Wie en, — the falde 
Pro tion, but f we would uſethe ſame Letters as before, toexprefs 
the Proportion which the Sine of the of Incidence bears to 
chat bf the Angle of Refraction, they muſt be pot one for the other; 
becauſe when Rays paſs out of a denſer into a rarer Medium; the 
Sine of the Angle cidence bears the ſame Proportion to the 
6 efraction, that the Sine of the Angle 

efra&tion does to che Sine of the Angle of Incidence, when 
paſs out of a rarer into a denſer. T bis being obſerved, by 


aforeſaid Propoſition, we ſhall have the Ratio compounded of g. 
the focal Diſftance, e the imaginary Focus of the 


incident Rays ; and of Fog +, the Diſtance between 


the imaginary Focus'and the Center, to A the Diflance An 
the Center and D to I. un if we reduce 


the ihixed Quantities - e ud Rs fe 7 
++ into improper Frans will ſtand thus, 


TINS! lena NR. te e er 5 : 
e 

and | 2 8 R 1. 
22 — 


e K. E. — 


the ' uab Denominators [4—R2—Ry, and INN, 
and Means $ we have 
4 — RAY 
5 — IRdts RN + RR 
 IRdr—IRato © 
Al 
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is refracted one way in going out of the ſecond, 
as much as it was the other in entting the firſt; 
and therefore proceeds afterwards not in the ſame 
Direction, but in one that is parallel to that which 
it had before. Thus if the Ray AB (Fig. 27.) 
enters the denſer Medium C DEF terminated 

the parallel Surfaces CD and EE, it is refracted 
at B towards the Perpendicular BI, proceeding 
to à Point as G, where it is as much refracted 
from the Perpendicular GK in going out, and 
proceeds in the Direction GH not the ſame, 
but parallel to the former AB. 


This Theorem may be applied to all Caſes whatever, even to 
plain Surfaces matatis matandis; v. g. the Radius of a concave 
Surface being negative (as \ying the contrary Way) with Reſpect 
to that of a convex, and the Radius of a plain Surſace being an 
infinite Line; if we would apply this Theorem to a concave Sur- 
face, we muſt change all the Sines of thoſe Members wherein the 
Symbol expreſling the Padius of that Surface occurs; and if to a 
plain Surface, all the Members which involve the Radius muſt be 
conſidered as infinite Quantities, that is, all, except them, muſt be 
ſtruck out of the Equation as nothing, So likewiſe, if we would 
have it extend to other Rays beſides diverging ones, the {Point 
where converging Rays would meet, lying on the contrary Side to 
that from whence the diverging ones were ſuppoſed to flow, its 
Diftance muſt be made negative; and the Diſtance where parallel 
Rays meet being infinite, it is only changing the Sines of all 


|... thoſe Members in which 4 is found, if the Rays are ſuppoſed con- 


or making thoſe Members infinite in Caſe the Rays are 
ſuppoſed parallel; which is done by ſtriking out all the reſt, 'as 
bearing no Proportion to them. - | 
Sec the Method of reducing this Equation to fewer Terms, where 
it is alſo illuſtrated with divers Inſtances, in Dr, Brown's Appen 
dix tu Gregory's Optics ; or in Dr. Halle Method of ſinding the 
nne Focus of Optic Glaſſes univerſally; Philoſoph. Tranſat. 
0. 205. | PETS x 51 Ls 
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* He Fon ef the e Eye is fuck as is repre- 
ſented in Figure 29, and would be 


— more protuberant than the reſt. 


- The Deſcription of it, fo far as is neceſſaiy” 
the Nature of Viſion, is as follows. 


It is incloſed in three diſtinct Coats or Tegu- 
ments; the outermoſt of which, dr. as, is 
called Tunica Sclerotica; the next cc, Cho- 
roides, or Uvea; the third and innermoſt du, 
derives its Name from that of its Diſcoverer, 
and is called Tunica Ruyſchiana. | 1 wa 

Theſe Coats are contiguons to each other 
1 3 the Toke Part of ow 

r 
"har Portionof the.Sclordeicawhich lied Bev 
tween A and A, is more protuberant than'the 
reſt)" 1 and has the Name of Tu- 
aan eres. nid] ee hos...) 35h 

- 'That Portion of the Chorvides which is Etüs- 
ted between hand 6, is called the is; and is 
that which by its Colour denominates an Eye 
black, grey, Ne In the Middle of this there 
is a round Hole as pp, called the Pupil. 


The Iris conſiſts oftwoKindsof muſcular Fl . 


berg the firſt lye extended from its Extremity 
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like the Radii of a Circle, and point towards 
the Middle of the Pupil as towards a Center: 

the other are circular ones and ſurround the 
Pupil, having the Middle of it for their com- 


mon Center. Theſe are conneQted to the for- 


mer where they croſs them: and therefore —— 
theſe contract, the Pupil is di $4 
the other, it is inlarged. 

Within the Cavity of the Eye, and not far. 
behind the | Pupil, — is a ſoft tranſparent 


Subſtance CC, not unlike a double convex | 


Lens, one of whoſe Surfaces as 8, is more con- 
vex than the other. This is called the Chrsſ- 
ralline Humour; and is ſuſpended within t 
Eye by certain Ligamente as CI. CA. called. 
a Ciliaria, or Hroceſſus Ciliares 
ſe are canvex towards the Pupil, as expreſſed, 


in the Figure, and concaye on the other Side, 


and are muſcular, and therefore capable of 
Contraction and Dilatation. The Convex Sides 
of theſe Ligaments are lined with a very bla 
Subſtance, as is allo that Side of the leis which 
is next them, A 

The Tunica ans . the Gan 
des at I, and paſſing behind the  Ligamenta: 


| Ciliaria and the Cbriſtalline Humous is con- 


tiguous to them, and jains the { horataes n 
at J, on the other Side the Pupil, 

By maus ot the forementioned Parts, the 
Cavity of the Eye is divided into tyo Portions ; 
155 ane al which VV:is . with a Fluid 


20 1149 flit 4 nearly 


** x} 


Chap. 3. f tbe Eye. 


nearly of the ſame Denſity with Water, and i is 
therefore called Humor Aguems; the other TT 
contains a Fluid whoſe Confiſtency is greater 
than that of the former, and is called Fm 
Vitreus. 


At the back Part of each Bye; bud e 
enranes Nerve | 
Nerve. 


rely oppoſite tothe Pupil, there 
as NN, which is called the Optic 

The Fibres ofthis Nerve, 
into the Eye at N, ſptead 
innermoſt Coat of it as far as the Ligamenta 


e en nee ths nn. N 


called Tamica Kevms, ih 
"Tet ee eee aha Bevan chan 
where covered (except that Part of it which 


is contiguous to the back Part of the Chriſta- 


line Humour) with a very black Subſtance, not 
unlike that with which the back Part of the 
Iris and ſore Part of the Ligumema Ciliaria 
were obſet ved to be cover d. This is to hin- 
der any Light from being reflected from thoſs 
Parts to the Retina; for that would render 
the Images of Objects indiſtinct, as we ſhall ſee 


when we — explained the 1 
* is ane r pot 
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their Entrance | 
themſel yes over the 
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0% the. Wature of viſion. ſer 


Ueh'i is the Subſtance and Form of the Hu- 
mours of the Eye, when lodged in their 
proper Receptacles, that Rays of Light in paſ- 
Ing t through them are affected in the like Man- 
ner as in paſſing through a convex Lens, as we 
ſhall ſee immediately; and therefore to under- 
ſtand the Nature of Viſion, which depends on 
the Paſſage of Rays flowing from the ſaveral 
Points ” a diſtant Object through thoſe Hu- 
mours, little more is required than to know | 
how the fame Rays would be affected, were | 
they ſuppoſed to paſs through a convex Lens. | 
Which may eaſily be done by applying to this 
Caſe what has been delivered in the fourth A 
Chapter concerning the Manner in which Rays 
flowing from a ſingle Point, are affected ere | 
fing through 258 of that Kind. 
Wehave already ſeen, in the abovemention- 
ed Chapter, — Rays flowing from a ſimgle 
radiant Point, and afterwards falling on a con- 
vex Lens, are collected to a Focus in ſome 
Point oppoſite, or nearly ſo, to the Radiant. 
Let us now ſuppoſe an Object placed before 
Lens, bit farther from it than the focal Diſ- 
tance of its parallel Rays, and let it ſend forth 
Rays 
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Rays from each Point of its Surface in every 
Direction, as from ſo many | radiant) Points. 
Some of the Rays which flow from each Point 
of that Surface of the Object which is turned 
towards the Lens will neceſſarily fall upon it, 
and paſſing through it will be collected in ſo 
many diſtinct focal Points on the oppoſite Side, 
as there are diſtinct radiant Points in the Surſace 
of the Object from whence they came. Now | 
as the radiant. Points are contiguous to each 
other in the Surface of the Object on one Side 
of the Lans, the focal Points Will alſo be con- 
tiguous on the other; and as each ſocal Poirit 
is oppoſite to its teſpective Radiant, their Places 

will haye the ſame Relation to each other that 
thoſe of the Radiants have, and conſequenti 
theſe Points taken together Will be àltrue Re: 
preſentation and petfect Image bf; that Object; 
for each Point will exhibit the ſame Colour 
that its correſpondent Point in the Object is of. 
But becauſe each Point in the Repreſentation. is 

oppoſite to its reſpective one in the Object, the 
Image will be inverted: The Truth of this 
may eaſily be experienced, if we hold a clean 
white Paper facing the Lens in the Place where 
the focal Points are, and take Care to prevent 
all other Light from falling upon 2 | 
except that which paſſes through the Lens 
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On this depends the Structure of the Ob/cura Camera, which 
is a Contrivance to exhibit the Repreſentation of ſuch Objects as 
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Jo illuſtrate this; Let PQR (Fig. 30) repre- 
ſent an Object laced before the +. AB, and 
ſending forth. Rays from each Point in its Sur- 
face; and let ꝙ be the focal Diſtance of Rays 
proceeding from Quand paſſing through the ſaid 
Lens. Then will all the Rays that eed 
om the Point Qbetween the Lines QA and 
B. be collected in ; in like Manner all that 
flow from P. between the Lines PA and PB, 
will meet in the o ”—— e Point ; and ſo 

as proceed from d paſs through the Lens, 
will be collected in 7; _ all the Rays that 
flow from the remaining Points between P and 
R and fall upon the Leus, will be collected in 
as many Points between p and /; and if the 
Rays are received there upon a white Surface, 
thite will beexhibitedantmageoftheObjea PR, 
100 inder nere ow Rayne 988 and RL 


may be fern rom a Window, * ne den ak Surface held 
may the Window within: the Room. In order to do this, ' a 
common Spectacle Glaſs or Burnin Glaſs (both which are convex 
Lenſes) maſt Be flucd in an Hole in the Window ſhut; for then if 
no Light be ſu to enter into the Room, but what paſſts 
through the Hole, and a Sheet of white Paper be held oppo lite 
to the Hole at that Diſtance where the Rays proceeding from 

the Objects abroad; and paſſing through the Glaſs, are eke 
755 their reſpectiye Fociz we ſhall have the Images of all the 

efts which lie before the Hole, repreſented upon the Paper, in- 
| 8 but in à much more lively and exact Manner than tan be 

ne by the Pencil g apd not only the Objects and their we gone" 
-Sitaations, but, whit | is peculiar to this Sort of Painting, their 
Motions will alſo be expreſſed. - 
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croſs mw other at L in paſſing through the 
Tens | 
Thoſe Ra s which flow from the ſime Point 
of an "ObjeQ, when conſidered together, are 
called a Cone or Pencil of Rays. Thus the 
Rays QA, QL, Sc. conftitute a Pencil flow- 
ing from the Point Q; fo the Rays PA, PL, 
Sc. a Pencil from the Point P; ie the mid- 
dle Ray of cach Pencil, as PL, QL, Sc. is 
called the Axis of that Pencil, to which: i it be- 
longs. 
Now! if like Maimier as the vera Pencils of 
Rays flowing from the diſtinct Points in the 
Surface of an Object placed before a Leus, are 
collected in ſo many Points at a certain Diſ- 
tatice on the other Side of the Lens, and ſorm 
an Image there when received upon a White 
Paper; ſo Pencils proceeding from 1 ect 
placed 'before the Eye at a proper Diſtance from 
it, and being refracted in paſhng through the 
Humours of it, are collected they their reſpec- 
tive Fei upon the Retina, where" they form'a' 
Repreſeritation of that Object; and by their 
Impulſes upon the tender Nerves of the Re- 
Mi an Idea of the . is excited i in the 
ind. C 


* 8880 is no other than a Piece of Clas grow 
into the Form of / a Forex Lens; for if the Rays of the Sun are 
permitted to paſs through ſuch an one, they will burn very ſtrongly 
in the Place where they are collected into their reſpective Foci; 
upon which Account it is, that the Point where Rays in general 
are collected,” — called their Foews, r is, e of Burning. 


= H The 
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The Progreſs of the Rays through the Hu- 
mours of the Eye, are expreſſed in the 3 iſt 
Figure: where FGt is the Eye, FG the Tu- 
nica Cornea, pp the Pupil, AA the aqueous 
Humour, HH the chriſtalline, and VV the vi- 
treous. And RS repreſents an Object placed 
before it, emitting Pencils of Rays from its ſe- 
veral Points R, 8, T, Sc. The Rays which 
conſtitute the Pencil GTE, in entring the aque- 
ous Humour, pals out of a rarer into a denſer 
Medium through a convex Surface, in which 
Caſe diverging Rays are made to diverge leſs, 
to become paralle] or to converge - (Chap. 3. 
Prop. 7.); in entring the chriſtalline they do the 
like; and in paſſing out of that, they enter a 


rarer through a concave Surface (vi. the con- 


cave Surface of the vitreous) which alſo has 
the ſame Effe& (Chap. 3. Prop: 15.) By which 
Means they are made to converge, as deſcribed 
in the Figure, and to meet together in a Focus 
at f a Point in the Retina. In like Manner 
the Rays flowing from R, and conſtituting the 


Pencil GRF, will proceed as deſcribed in the 


Figure, and after Refraction meet in 2; and 


the Rays proceeding from S will be collected 
in g, Sc. by which Means an Image of the Ob- 


ject will be formed in rts upon the Retina, but 

becauſe the Pencils croſs each other in 

through the Pupil, it will be inverted“. ah 
Fu ob lms. ns 


Of this we have experimental Proof: For if we cut away the 
back Part of an Eye, and apply a Paper there, we ſhall * the 
| | f | ge 
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The leſs the Diſtance hetween the Object and 
the Eye is, the more the Rays which come 
from the Object, are ſaid to diverge, and è con- 
ira: Not that the Situation of the Eye makes 
any Alteration in the Progreſs of thoſe Rays, 
but that, when the Eye is placed nearer the 
Object, it receives into its Pupil Rays which 
diverge in a greater Degree than thoſe which 
it can receive when placed farther off. The 
following Illuſtration will make this clear: Let 
AB (Fig. 32.) repreſent an Object emitting 
Rays from each Point of its Surface, and let 
Ca, Cr, Sc. expreſs thoſe which flow from 
the Point C: let » be a Pupil of an Eye placed 
at the Diſtance Cm from it; tis plain this Pu- 
pil will receive into it the diverging Rays Cr, 
Cs; whereas the Rays Co, Ct will diverge 
the moſt of any that can enter the ſame Pupil, 
when placed at the Diſtance Cx; but theſe 
diverge leſs than the former, the Angle Ct 
being included in the Angle rCs. 


Images of external Objects placed thereon, as accurately as in the 
Obſcura Camera, provided no Light is permitted to fall upon the 
Paper, except that which paſſes through the Humours of the Eye. 

Optic Writers have made it Matter of great Difficulty to de- 
termine the Point where the Axes of the Pencils which enter the 
Eye, croſs each other ; ſome placing it in the Center of the Eye, 
others in the Vertex of the chriſtalline Humour, others in that of 
the Tunica Cornea : But as the Rays of each Pencil fill the Pupil, 
or as the Pupil itſelf is a common Baſe to each Pencil, it is incon- 
ceivable how the Axes of thoſe Pencils ſhould croſs each other in 
any other Place than the Center of the Pupil. See Figure 31, or 


any other where ſeveral Pencils are repreſented, as through 
the Pupil of an Eye. 


H2 Viſion | 
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Viſion is diſtinguiſhed into bright and ob 
ſcure; diſtinct and confuled. | 

It is aid to be bright, when 2 ſafficient N um- 
ber of Rays c:ter Pet Pupil at the ſame Time; 
obſcure, when too few. It is Ainet, when 
each Pencil of Rays is colleQed into a Focus ex- 
actly upon the Retina; confuſe -4, when they 
meet before they conie at it, Or W het: they would 
paſs it before they meet; 97 in either of theſe 
laſt Caſes, the Rays flowing from different 
Points of the Obfec, will fall upon the ſame 
Part of the Ketma, which muſt necellarily 
render the Tmage confuſed and indiſtinct. 

Now that Objects may appear with a due 
Prighineſs, whether more or fewer Rays pro- 
cecd fron them, we have a Power of contract- 
ing, or dilating the Pupil by means of the muſ- 
cular Fibres of the 1ris (as explained in the 
foregoing Chapter), in order to take in more 
or fewer ,Rays as Occafion requires, But this 
Power has its Limits.* 

And that the Rays may be collected into 
Points exactly upon the Retina, that is, that 
Objects may appear Aiſtinct, whether they be 
nearer or farther off, that is, whether the Rays 
proceeding from them diverge more or leſs, we 
have a Power of contracting or relaxing the 
Lagamenta Ciliaria, and thereby altering the 


In ſome Animals, this Power is much greater than in others: 
particularly in ſuch as are obliged to make Ule of their Eyes by 
Night, as well as by Day, as in Cats, &c, 


Form 
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Form of the chriſtalline Humour, and with 
that. the. focal Diſtance of the Rays. Thus, 
when the Object we view-is far off, and the 
Rays fall upon the Pupil with a very ſmall De- 
gree of Diyergency, we contract the Ligamen- 
ta Ciliaria, Which being concave towards the 
vitreous Humour, do thereby compreſs it more 
than otherwiſe they would do; by this means 
it is made to preſs harder upon the back Side 
of the chriſtalline Humour, which is thereby 
rendered flatter; and ſo the Rays proceed far- 
ther before they meet in a Focus than other- 
wiſe they would have done. Add to this, that 

we dilate the Pupils of our Eyes (unleſs in Ca- 
ſes where the Light is ſo ſtrong that it offends 
the Eye) and thereby admit Rays into them, 
that are more diverging than thoſe which would 
otherwiſe enter. And when the Rays come 
from an Object that is very near, and there- 
fore diverge: too much to be collected into their 
reſpective Foci upon the Retma, by relaxing 
the Ligamenta 79 we give the Chriſtal- 
line a more convex Form, by which means the 
Rays are made to ſuffer a proportionably greater 
Degree of Refraction in paſſing through it“. 


Some Philoſophers are of Opinion, that ws do this by a 
Power of altering the Form of the Eye ; and others, by remov- 
ing the Chriſtalline forwards or backwards as Occaſion requires; 
but neither of theſe Opinions is probable ; for the Coats of the 
Eye are too hard, eſpecially in ſome Animals, for the firſt; and 
as to moving the Chriſtalline out of its Place, the Cavities of the 
Eye ſeem to be too well filled with the other Humours to admit 
of ſuch Removal. 
| And 
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And beſides this, by contracting the Pupils of 
our Eyes, we exclude the more diverging Rays, 
and admit only ſuch as are more eaſily refracted 
into their reſpective Focz*. But Viſion is not 
diſtinet at all Diſtances, for our Power of con- 
tracting and relaxing the Ligamenta Ciliaria 
is alfo circumſcribed within certain Limits. 

The nearer an Object is placed to the Eye, 
the greater is the Tmage of it upon the Retina. 
Beeauſe the Pencils flowing from the extreme 
Parts of the Object when near, make a larger 
Angle with each other in the Pupil where they 
croſs, than the ſame Pencils do when the Ob- 
ject is placed farther off. Thus AB (Fig. 33.) 
the Tmage of the Object CD, far exceeds EF 
that of the ſame Object GH, placed at a greater 
Diftance from the Eye, as is evident from In- 
ſpection of the Figure. Franks eh 

In thoſe Eyes where the Tunica Cornea is 
very protuberant and convex, the Rays of 
Ligbt ſuffer a very confiderable Refraction at 
their Entrance into the aqueous Humour, and 
are therefore collected to a Focus before they 
fall upon the Retina, unleſs the Object be pla: 
ced very near, ſo that the Rays which ence] 
the Eye, may have a conſiderable Degree of 
Divergency. People that have ſuch Eyes, are 


® Accordingly it is obſervable, that if we make a ſmall Hole 
with the Point of a Needle through a Piece of Paper, and apply 
that Hole cloſe to the Eye, making Uſe of it, as it were, in 
of a Pupil, we ſhall be able to ſee an Object diſtinctly through 
jt, though the Object be placed within half an Inch of the Eye. 


ſaid 
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ſaid to be purblind, Now the nearer an Ob- 
ject is placed to the Eye, the greater is the 
Image of it therein, as explained above; theſe 
People therefore can ſee much ſmaller Objects 
than, others, as ſeeing much nearer ones with 
the ſame Diſtinctneſs, And their Sight con- 
tinues good. longer than that of other People, 
becauſe the Tunica Cornea of their Eyes, as 
they grow old; becomes plainer, for Want of 
that Redundancy of Humours with which they 
were filled before. | 

On the contrary, old Men having the Cor= 
nea of their Eyes too flat for want of a ſuffici- 
ent Quantity of the aqueous Humour to fill 
them out, if the Rays diverge too much beſore 
they enter the Eye, they cannot be brought 
to a Focus beſore they reach the r on 
which Account thoſe People cannot ſee diſtinct- 
Vage the Object be ſituated at a greater 

nce from the Eye, than is een thoſe 
whoſe Eyes are of a due Form. 

Since the Images of the Objects we look at 
are inverted. in the Eye, it may be thought the 
Objects themſelves ought to appear ſo; but it 
muſt be conſidered, that there is no natural 
Connection between the Idea in our Mind, and 
the Image upoa the Retina; we find by Ex- 
perience, that when ſuch an Laa i is excited in 
our Mind, ſuch an Object ſtands before us in 
ach a Poſition and of ſuch a Form; when ever 
therefore the like Idea is excited again, we 

con- 
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conclude there is a like Cauſe of it. For it is 
found by Obſer vation, that People who have 
been born blind, and ha ve afterwards received 
their Sight, have had no Information from 
their Eyes at firſt, concerning the particular Si- 
tuation or Form of Bodies; but have been ob- 
liged to ſtay till Experience has taught them 
what Figures and Situation of Bodies correſpond 
to ſuch and ſuch Senſations in the Mind. 
Ia like Manner it is from Experience that 
an Object appears ſingle, though there be an 
Image of it in each Eye; for aſter we find, 
that its Place, according to the Repreſentation 
of it in each Eye, is the ſame, we neceſſarily 
conceive it to be but one. The Manner how 
we come to find this, ſeems to be as follows: 
There is one Part of the Retina upon which 
when the Image falls, the Object appears 
brighter and more diſtinct, than When it 'falls 
upon any other, as is evident becauſe we al- 
ways ſee one Part of an Object with greater 
Diſtinctneſs than any of the reſt. This Point 
T ſhall hereafter call % Point of diſtinct Vi. 
ſion. This naturally leads us to turn our Eyes 
fo, that the Object may be ſituated directly 
oppoſite to this Point. And this Action o 
ours is that which has given Rife to thoſe ima- 
ginary Lines, which are ſuppoſed to paſs di- 
„ gee Mr. Cheſellems Obſervations on a young Geritleman 
N by him at the Age of 13 Vears.  Philoſpph, Tranſact. 
0. 402. 
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rectly through the Eye and to terminate in the 
Object we view, and are commonly called the 

tic Axes. We therefore turn our Eyes fo that 
the Object may appear in thoſe Lines. There- 
fore ſince theſe Lines concurat the Object, when 
we indeavour to view it with Diſtinctneſs, each 
Eye affords us an Idea of the Object in the ſame 
Place, from whence it neceſſarily appears but 


one *. 
When- 


There are other Methods of accounting for theſe two laſt 
Phenomena, ſome of which, perhaps, the Reader may think more 
plauſible ; for the Connection between the Image on the Retina 
and the Idea in the Mind, being purely metaphyſical, we can ne- 
ver hope to arrive at Certainty in this Matter. 

Some are of Opinion, that we judge thoſe Rays which paint the 

rmoſt Part of the Image in the Eye to * from the lower- 
moſt Part of the Object, becauſe they ſtrike upon the Retina, as 
coming from that Part ; 'and that we conclude from hence that the 
Object is ere, though the I be inverted ; as if the Direction 
where with the Rays ſtrike the Retina, informed the Mind which 
Way they came. This Solution ſerves alſo to explicate the Phæno- 
nenon of ſeeing but one Object with both Eyes; for as the Mind 
is informed by the Direction with which the Rays ſtrike the Reti- 
xa, of the Place from whence they come; therefore when it ap- 
pears that they enter each Eye as from the ſame Place, the Qbje&t 
neceſſarily ſeems to be but one; becauſe we cant ſuppoſe two to 
exiſt in the. ſame Place at the ſame Time. | 

Some have been ſo abſurd as to embrace an Opinion, the firſt 
Author of which was Gaſſendus, that we ſee one and the fame 
Point of an Object only with one Eye at a Time, (otiante alis, 
as they expreſs it) while the other doos nothing. Vid. Gafſend# 
Epiſtol. de Magnitud. Solis. Or Tacquet. Optic. Lib. I. Prop.2. 

Some imagining that the optic Nerves conſiſt of a Bundle of 
ſmall ones wrapped up in one common Tegument, are of Opinion, 
that ſuch as lie upon the Retina at equal Diſtances from the Point 
of diſtin Viſion, and on the ſame Side of it in each Eye, are con- 
nected together in one, before 14 terminate in the Brain; and 


th 
ſo whether one or both are aff : „only one Jdea is excited in 
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Whenever the Eyes are ſo ſituated with re- 
ſpect to an Object, that the ſame Part of the 
Fetina in each Eye is affected by the Rays 
that flow from it, which are wont to be af. 
fected when two Objects are placed before the 
Eyes, the Mind receiving no Information from 
without, but by the Impulſes of the Rays up- 
on the Retina judges that there are two Ob- 
jects. Thus let A, B (Zig. 34.) repreſent two 
Eyes whoſe optic Axes are directed to the Point 
C, and let E be an Object on one Side the 
Point C, and F an Object on the other. Now 
Objects thus ſituated muſt appear ſeparate, other- 
Wi every time we viewed an Object we muſt 
imagine all the different Points in its Surface 
to be but one, which is contrary both to Rea- 
ſon and daily Experience. In this Caſe, the 
Point 4 in each Eye will be affected by the 
Rays which flow from thoſe Objects; but ſo 
it will, if a _— be placed at D, and 
therefore for the Reaſon given above, an Ob- 
ject in that Situation ſhall appear as the two 


ſeparate ones E and F, that is, double. A- 


the Mind. Grave ſand confirms this Opinion by aſſerting, that in 
all Animals with look at the ſame Object with both Eyes, the 
optic Nerves concur before they enter the Brain: and that in ſuch 
as look at one Object with one Eye, and at a different one with 
the other, they are ſeparate all the Way. 

Others, with Briggius (ſee his Ophthalmog. Chap. 11.) do 
not contend, that the torementioned correſponding Farts of the 
optic Nerves are connected before they terminate in the Brain; but 
that they are of an equal Tenſion, and therefore excite the ſame 
Senſation in the Mind. NS See heb 
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gain, let there be an Object placed without the 
tic \ Axes as at G, Rays flowing from this 
will affect the ſame Part in each Eye, as if 
there were two diſtinct Objects, vi g. on at E 
and the other at H, this therefore will alſo ap- 
pear double. Farther, as the Objects D and 
G are ſituated in this Figure, if both are at- 
tended to at the ſame Time the (optic Axes 
being ſtill directed to the ſame Point C) they 
will appear as three,” being ſituated oppoſite 
to the three Points F, E, and H. And what 
has been ſaid of the Appearance of the Objects 
D and G as they are ſituated in this Figure, 
may be applied to their Appearance as they 
are placed in the next, where they are repre- 
ſented as being beyond the Line HF. So that 
wherever an Objct is placed, provided it be 
nearer to the Eyes than the Point where the 
optic Aues concur, or farther from them, it 

1 eee e e 
here is one Part of the Retina of each Eye, 
upon which when the Image falls, the Object 
cannot be ſeen at all with that Eye; the Proof 
of this we have from the ſollowing Experiment. 
Fix two Objects upon a Wall, of ſuch Bigneſs 
that each may hide a ſquare Inch of it, or 
thereabouts, and at the Diſtance of about a 
Foot or two from each other, and go back from : 
the Wall about three times that Diſtance; then 
ſnutting the left Eye, look at the left Object 
with the right one, and while the right Eye is 
in that Poſition, the right Object will not be 
* ſeen. 
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ſeen. So if in that Station we look at the right 
Object with only the left Eye, the left Object 
will diſappear. The Reaſon of this is ſuppo * 
to be, that the Image of that Object which 
| diſappears, falls upon the Blood-yeflels of the 
optic Nerve, from which no Senſation is con- 
veyed to the Brain. 

The Angle comprehended between the Rays 
which flow from the extreme Parts of the Ob. 
1 and croſs in the Pupil, is called the optic 

le. 2 
is by means of this Angle that we are able 
to 1270 ſome Judgment of the Magnitude of 
an Object; becauſe the larger this is, the larger 
is the Image upon the Retina, that is, a great- 
er Portion of it is affected by the Rays which 
flow from that Object. But this is not ſufficient 
alone, becauſe different Objects at different 


Diſtances from the Eye, may ſubtend equal 


Angles at the Pupil. We ought therefore to 
know alfo the Diſtance of the Object. 


This, if the Object be very near, we ate 


able to form a tolerable Judgment of, by the 
> of Divergency, wherein the Rays which 
flow from the ſame Point of the Object enter 
the Eye; becauſe we find it neceſſary to adapt 
the Eye accordingly, in order to bring them 
to a Facus upon the Retina. 405 
But when the Object is at a greater Diftance 
from us, à conſiderable Variation in the Diſ- 


tance of it makes but a very ſmall one in the 


>. 
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Divergeney; of thoſe Rays, and therefore this 
Rule of Judging ceaſes to 15 of Uſe. The only 
Expedient then is, the Angle comprehended 
between the ap1ic Axes at the Object to which 
they are directed, or which is the lame Thing, 
the Poſition of the Eyes with reſpect to each 
other; When they view the Object“. But in 
very large Diſtances this Poſition varies ſo lit- 

tle, that it is alſo of no Uſe; in which Caſe 
we make the beſt Judgment we can from the 
Brightneſs, . Diſtinctneſs, and apparent Magni- 

tude of the Object, and Ukewilef Bom its Situati- 
on with reſpect to others which are interpoſedF. 

When we are unable to Judge rightly con- 
cerning the Diſtance of an Object, we conceive 
it greater, the farther we imagine it to be from 
us, and vice vers; becauſe it requires a lar- 

ger Object to exhibit the ſame Image upon the 
Rojas: whea it is fituated at a St Diſ- 
tance, than when near. Thus we ine the 
Sun and Moon to be farther off, when they 
are in the Horizon, than when they are near 
the Meridian, and accord lingly think the 


* That the Pofition of the opti Axes is a Means whereby we | 
judge of Diftances, is evident from hence, pix. that they who hayr 
loſt the Sight of one Eye, find it much mare difficult to efti Vi | 
1 Diſtances of . than fey ey id, when they had t 
of both. N 
+ We base acdarkeble Inſtance of the Error of our Judgment 
concerning the 3 of very remote Bodies, in that we look 
upon "the dag, „and Stars to be alt at the ſame Diftance, 
whereas ſome of «5 are a thouſand 12 farther — us than 


others, ona nook 172 
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proportionably larger in one Situation than in 
the other, though they are found to exhibit the 
ſame Image upon the Retina in both Caſes*. 

We are never able to ſee very diſtant Object 
with Diſtinctneſs; this is not ſolely owing to 
the Pupil's not receiving into it a ſufficient Num- 
ber of Rays for that Purpoſe, or becaufe they 
are not collected into Foci upon the Retina, 
but becauſe the by rt. very far off, the 
Rays which flow from Points of the Object 
that are contiguous, fall too near each other 
upon the Retina to excite diſtin Senſations in 
the Mind, ſo that the Idea of the Whole is 


confuſed. ed 


. Of the Appearanceof Objects ſcen through | 
© Media' of arfferent Forms 


Hat what we ſhall ſay upon the Subject 

of this Chapter may more readily be un- 
derſtood, we ſhall premiſe the fi ve following 
Particulars; which are all compriſed in the 
foregoing Chapter, or follow immediately from 
what has been there laid down, vi g. 
1. That as each Point of an Object when 


viewed by the naked Eye, appears in its pro- 


dee the Diſſertation on che horizontal Moon, annexed to 
this Part, 
per 
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r Place; and as that Place is always to be 
found in the Line in which the Axis of a Pen- 
cil of Rays flowing from it, enters the Eye, we 
from hence acquire an Habit of judging the 
Point to be ſituated in that Line; and becauſe the 
Mind is unacquainted with what RefraQtions 
the Rays ſuffer before they enter the Eye, there- 
fore, in Caſes where they are diverted from 
their natural Courſe by paſſing through any Me- 
dium, it judges the Point to be in that Line 
produced back in which the Axis of a Pencil 
of Rays flowing from it is ſituated the Inſtant 
they enter the Eye, and not in that it was in 
before Refraction. We ſhall therefore in what 
follows, ſuppoſe the apparent Place of an Ob- 
ject when ſeen through a refracting Medium to 
be ſomewhere in that Line produced back in 
which the Axis of a Pencil of Rays flowing 
from it proceed after they have paſſed through 
the Medium. 

2. That we are able to judge, though im- 
perfectly, of the Diſtance of an Object by the 
Degree of Divergency, wherein the Rays flow- 
ing from the ſame Point of the Object enter the 
Pupil of the Eye, in Caſes where that Diver- 
gency is conſiderable; but becauſe in what fol- 
lows, it will be neceſſary to ſuppoſe an Object, 
when ſeen through a Medium whereby its ap- 
parent Diſtance is altered, to appear in ſome. 
determinate Situation; in thoſe Caſes where 
the Divergency of the Rays at their Entrance 

8 into 
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into the Eye is conſiderable, we will ſuppoſt 
the Object to appear where thoſe Lines which 
they deſcribe in entring, if produced back, would 
croſs each other; though it muſt not be aſſert- 
ed that this is the preciſe Diſtance ; becauſe the 
Brightneſs, Diſtinctneſs, and apparent Magni- 
tude of the Object, on which its apparent Dil. 
tance in ſome Meaſure depends, will alſo fuffer 
an Alteration by the Refraction of the Rays in 
paſling through that Medium. 

3. That we eſtimate the Magnitude of an 
Object by that of the optic Angle 

4 That Viſion is the br/ghter, the greater 
the Number of Rays is which enter the Pupil. 
5. That in ſome Caſes, the apparent Bright- 
neſs, DiſtintFneſs, and Magnitude of an Ob- 
ject are the only Means whereby our Judgment 
is determined in eſtimating the Diftance of it. 

Prop. I. An Object placed within a Medium 
terminated by a plain Surface on that Side which 
is next the Eye, if the Medium be denſer than 
that in which the Eye is (as we ſhall always 
ſuppoſe it to be, unleſs where the contrary is 
expreſſed) appears nearer to the Surface of the 
Medium than it is. 

Thus if A be a Point of an Object placed 
within the Medium BC DE (Fig. 36), and Ab, 
Ac be two Rays proceeding from thence; theſe 
Rays paſſing out of a denſer into a rarer Me- 
um will be refracted from their reſpective 

53 
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E bd, ce, and will enter the Eye 
at H, ſuppoſe in the Directions þf, cg, let then 
theſe Lines be produced back till they meet in 
F; this will be the apparent Place of the Point 
A; and becauſe the refracted Rays bf, ce will 
diverge more than the incident ones Ab, Ac 
(Chap. III. Prop. 3.), it will be nearer to the 
Points & and c, than the Point A; and as the 
ſame is true of each Point in the Object, the 
Whole will appear to an Eye at H, zearer to 
the Surface BC than it is“. e SIGIR 

| Prop. II. 


From hence it is, that when one Enid of a ftrait Stick is put 
under Water, and the Stick is held in an oblique Poſition, it ap- 
pears bent at the Surface of the Water; vix. uſe each Point 
that is under Water appears nearer the Surface, and conſequently 
higher than it is. | 4 

From hence likewiſe it is, that an Object at the Bottom of a. 

Veſfel may be ſeen when the Veſſel is filled with Water, though 
it be ſo placed with Reſpe& to the Eye, that it cannot be ſeen 
when the Veſſel is empty. To explain this} Let ABCD (Fig. 37.) 

repreſent a Veſſel, and let E be an Object lying at the Bottom of 2 
This Object, when the Veſſel is empty, will not be ſeen by an 
Eye at F, becauſe HB the upper Part of the Veſſel will obſtruct 
the Ray EH; but when it is filled with Water to the Height GH, 
the Ray EK being refracted at the Surface of the Water into the 

Line KF, the Eye at F ſhall ſee the Obje& by Means of that. 

In like Manner, an Object ſituated in the Horizon appears above 
its true Place, upon Account of the Refraction of the Rays which 
| from it in theit Paſſage through the Atmoſphere of the. 

th. For firſt, if the Object be ſituated beyond the Limits of 

the Atmoſphere, its Rays in entring it will be refracted towards 

the Perpendicular, that is, towards a Line drawn from the Point 

where they enter, to the Center of the Earth which is the Center 

of the Atmoſphere, and as they paſs on they will be continually | 

refrafted the ſame Way, becauſe they are all along entring a den- 
ſer Part, the Center of whoſe Convexity is ſtill the fame Point 7 
upon which Account the ** deſcribe will be a Curve bend- 
ing 
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Prop. II. An Object ſeen through a Medium 
terminated by plain and parallel Surfaces, ap- 


pears nearer, brighter, and larger, than with 
the naked Eye. 

For Inſtance, let AB (Fig. 38.) be the Ob- 
jet, CDEF the Medium, and GH the Pupil 
of an Eye, which is here drawn large to pre- 
vent Confuſion in the Figure. And 1ſt let RK, 
RL be two Rays proceeding from the Point R, 
and entring the denſer Medium at K and L; 
theſe Rays will here by Refraction be made to 
diverge leis (Chap. III. Prop. 2.) and to pro- 


ing downwards; and therefore none of the Rays that come from 
that Object can enter an Eye upon the Surface of the Earth, ex- 
cept what enter the Atmoſphere higher than they need to do, if 
they could come in a right Line from the Object; conſequently 
the Object muſt appear above its proper Place. Secondly, if the 
Odect be placed within the Atmoſphere, the Caſe is ſtill the ſame; 
for the Rays which flow from it muſt continually enter a denſer 
Medium whole Center is below the Eye, and therefore being re- 
fracted towards the Center, that is, downwards as before, thoſe 
which enter the Eye muſt neceſſarily proceed as from ſome Point 
* J Object, wherefore the Object will appear above its pro- 
ah en hence it is, that the Sun, Moon, and Stars appear above 
the Horizon, when they are juſt below it, and higher than they 
ought to do, when they are aboveit: Likewiſe diſtant Hills, 
Trees, &c, ſeem to be higher than they are. 

Farther, the lower theſe Objects are in the Horizon, the greater 
is the Obliquity with which the Rays which flow from them, enter 
the Atmoſphere, or paſs from the rarer into the denſer Parts of it, 
and therefore they appear. to be the more elevated by Refraction; 
upon which Account the lower Part of them are apparently more 

ated than the other. This makesthem ſeem ſhorter than they 
ate; as is evident in the Sun and Moon, which appear of an oval 
Form when they are in the Horizon, — Faator ap- 

ring of the ſame Length they would do if the Rays ſuffer'd no 
Kefradiion, while their vertical ones are ſhortened thereby. 


. | ceed 
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ceed afterwards ſuppoſe in the Lines Ka Ls; 
at a and 6 where they paſs out of the denſer 
Medium, they will be as much refracted the 
contrary Way, proceeding in the Lines ac, bd, 
parallel to their firſt Directions (ſee Chap. 
IV.); produce theſe Lines back till they 
meet in e, this will be the apparent Place of 
the Point R, and *tis evident from the Figure 
that it muſt be nearer the Eye than that Point; 
and becauſe the ſame is true of all other Pen- 
cils lowing from the Object AB, the Whole 
will be ſeen in the Situation fg, nearer to the 
Eye than the Line AB. 2d. As the Rays RK, 
RL would not haye entered the Eye, but haye 
paſſed by it in the Directions Kr, Lz, had they 
not been refracted in paſſing through the Me- 
dium, the Object appears brighter. zd. The 
Rays Ah, Bi, will be refracted at h and i in- 
to the leſs converging Lines H, il, and at the 
other Surface into EM, /M parallel to Ah 
and Bi produced (ſee Chap. 4.), ſo that the 
Extremities of the Object will a in the 
Lines Me, M/ produced, viz. in F and g, and 
under as large an Angle f Mg, as the Angle A 
B under which an Eye at q would have ſeen 
it, had there been no Medium interpoſed to 
refract the Rays; and therefore it appears 1455 
er to the Eye at GH, being ſeen through the 
interpoſed Medium, than otherwiſe it would 
have done. But it is here to be obſerved, that 
the nearer the Point e appears to the Eye on 
2 Ac- 
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Account of the Refraction of the Rays RK, 
RL, the ſhorter is the Image fg, becauſe it is 
terminated by the Lines Mf and (Mg, upon 
which Account the Object is made to appear 
leſs; and therefore the apparent Magnitude of 
an Object is not much augmented by being ſeen 
through a Medium of this Form. 
Farther it is apparent from the Figure, that 
the Effect of a Medium of this Form depends 
wholly upon its Thickneſs ; for the Diſtance 
between the Lines Ry and ec, and conſequent- 
ly the Diſtance between the Points e and R de- 
pends upon the Length of the Line Ka: Again, 
the Diſtance between the Lines AM and FM, 
depends on the Length of the Line ; but both 
Ka and hk depend on the Diſtance between the 
Surfaces CE and DF, and therefare the Effect 
of this Medium depends upon its Thickneſs. 

Prop. III. An Object ſeen through a convex 

Lens, appears larger, brighter, and more diſ- 
ant, than with the naked Eye. 

To illuftrate this, let AB (Fig. 39.) be the 
bject, CD the Zens, and EF the Eye. 1, 
rom A and B the Extremities of the Object 

draw the right Lines AYr, BXr crofling each 
other in the Pupil of the Eye; the Angle ArB 
comprehended between theſe Lines, is the 
Angle under which the Object would be ſeen 
with the naked Eye. But by the Interpoſi- 
tion of a Lens of this Form, whoſe Property it 
is to render converging Rays more ſo (ſee 
Chap. IV.) the Rays AY and BX will be made 

| 164i a 
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to croſs each other before they reach the Pupil. 
Therefore the Eye at E, will not perceive: the 
Extremities of the Object by means of theſe 
Rays (for they will pais it without entring), 
but by ſome others which muſt fall without the 
Points N and X, or between them; but if they 
fall between them, they will be made to con- 
cur ſooner than they 3 would have 
done, and therefore if the Extremities of the 
Object could not be ſeen by them, it will much 
leſs be ſeen by theſe. It remains therefore, 
that the Rays which will enter the Eye from 
the Points A and B after Refraction, muſt fall 
upon the Lens without the Points Y and X; 
let then the Rays AO and BP be ſuch. Theſe 
after Refraction entring the Eye at r, the Ex- 
tremities of the Object will be ſeen in the Lines 
Or ank produced, and under the optic Angle 
which is larger than ArB, and therefore 

= apparent Magnitude o 0 if the Objeft will be 
increaſed. 2. Hl be a Pencil of Rays 
— from the Point G; as it is the Property 
of this Leus to render diverging Rays leſs di- 
verging, parallel or converging (ſee Chap. 
IV.), it is evident, that ſome of thoſe Rays 
which would proceed on to M and N and miſs 
the Eye, were they to ſuffer no Refraction in 
paſſing through the Lens, will now enter it; 
by which means the Object will appear brabt- 
3. As to the apparent Diftance of the Ob- 


1, that will vary according * 
0 
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of it with reſpect to the Focus of parallel Rays 
of the Lens. 1. Then, let us ſuppoſe the Oh. 
ject placed ſo much nearer the 9 than its 
Focus of parallel Rays, that the refracted Rays 
KE and LF though rendered leſs diverging 
by paſſing through it, may yet have a conſide- 
rable Degree of Divergency, ſo that we may 
be able to form a Judgment of the Diſtance of 
the Object thereby. In this Caſe, the Object 
ought to appear where EK, FL produced back 
concur, which, becauſe they diverge leſs than 
the Rays GH, GI, will be beyond G, that is, 
at a greater Diſtance from the Zens than the 
Object is. But becauſe hoth the Brightneſs and 
Magnitude of the Object will at the ſame Time 
be augmented, Prejudice will not permit us to 
judge it quite ſo far off as the Point where thoſe 
Lines meet, but ſomewhere between that 
Point and its proper Place. 2. Let the Obje& 
be placed in the Focus of parallel Rays, then 
will the Rays KE and LF become paralle! 
( ſee Chap. IV.) and though in this Caſe 
the Object would appear at an immenſe Diſ- 
tance, if that Diſtance were to be judged of by 
the Direction of the Rays KE and LF, yet 
upon Account of the Brightneſs and Magnitude 
of it, we ſhall not think it much farther from 
us, than if it were ſeen by the naked Eye. 3. 
If the Object be ſituated beyond the Focus of 
parallel Rays, as in AB (Fig. 40), the Rays 
flowing from thence and falling upon the = 
» 
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CD, will be collected into their reſpective Focs 
at 4 and 6b, and the intermediate Points , 

Sc. and will there form an Image of the Ob- 

ject AB; and aſter croſſing each other in the 
ſeveral Points of it, as expreſſed in the Figure, 

will paſs on diverging as from a real Object. 
Now if an Eye be ſituated at c, where Ac, 
Be, Rays proceeding from the extreme Points 
of the Object, make not a much larger Angle 
Ac B, than they would do if there were no Lens 
interpoſed; and the Rays belonging to the 

ſame Pencil do not converge ſo much as thoſe 

the Eye would receive, if it were placed nearer 
to a or h, the Object upon theſe Accounts 

appearing very little larger or brighter than 

with the naked Eye, is ſeen nearly in its pro- 
per Place; but if the Eye recedes a little Way 
towards ab, the Object then appearing both 

brighter and larger, ſeems to approach the 

Lens*: which is an evident Proof of what has 


That the Object ſhould ſeem to approach the Lens in this Caſe, 
was a Difficulty that exceedingly puzzled the learned Barrow, and 
which he pronounces —— and not to be accounted for by 
any Theory we have of Viſion. Molincuæ alſo leaves it to the So- 
lution of others, as that which will be inexplicable, till a more in · 
timate wy 9% 4 of the viſfive Faculty, as he expreſſes it, be ob- 
tained by Mortals. 

They imagined, that ſeeing an Object appears farther oF, the 
leſ the Rays diverge which fall upon the Eye; if they d pro- 
ceed parallel to each other, it ought to appear exceedingly remote, 
and if they ſhould converge, it ſhould then appear more diflant 
ſtill: The Reaſon of this was, becauſe they looked upon the appa- 
rent Place of an Object, as owing only to the Direction of the Rays 
whateyer it was, and not at all to its apparent Magnitude or 
Splendour. | | 


2 been 
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been ſo often aſſerted, v/z. that we judge of 
the Diſtance of an Object in ſome Meaſure by 
its Brightneſs and Mignitude#: for the Rays 
converge the more the farther the Eye recedes 
from the Zens; and therefore if we judged of 
the Diſtance of the Object by the Direction of 
the Rays which flow From it, we ought in this 
Caſe to conceive it at a greater Diſtance; than 
when the Rays- were parallel, or diverged at 
their Entrance into the Eye. ; 

Prop. IV. If an Object be placed farther 
from a convex Leus, than its Focus of 
Rays, and the Eye be ſituated farther from it 
on the other Side, than the Place where the 
Rays of the ſeveral Pencils are collected into 
their reſpective Foci, the Object appears imvert- 
ea, and penaulous in the Air, between the 
Eye and the Lens. 

To explain this, let AB (Fig. 40.) repre- 
ſent the Object, CD the Lens, and let the 
Rays of the Pencil ACD be collected in a, and 
thoſe of BCD in 6, forming there an inverted 
Image of the Object AB, and let the Eye be 
placed in F: Tis apparent from the Figure, 
that ſome of the refracted Rays which paſs 
through each Point of the Image, will enter 


Perhaps it may proceed from our jadging of the Diſtance of 
an Object in ſome Meaſure by its Magnitude, that that Deception 
of Sight commonly obſerved by Travellers may ariſe ; viz. that 


upon the firſt appearing of a Building larger than uſual, as a Ca- 
thedral Church, or the like, it concently fectne annie to them, 


than they afterwards find it to be. 
the 
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the Eye as from a real 1 in that P 
and therefore the Qbjecti AÞ will appear there, 
as the Propoſition aſſerts. But we are fo little 
gccyſtomed! to fee Objects in this Manner, that 
jt is very difficult to perceive the Imagy with 
one Eye; but if both Eyes ate ſituated in ſuch 
1 Manner, that Rays flowing from each Point 
of the Image may enter both, as at & and H, 
and we direct our optie Axes to the Image, tis 
eaſy to be perceived. | 


| If che Eye be ſituated in a or I, or very eat 


them on either Side, the Object appears exceeds 


ingly. confuſed; via if at d, the Rays which 
proceed fram: the ſame Point of the Object cons 
verge fo very much, and if at e, they diverge 
ſo much, that they cannot be collected together 
upon the Retina; but fall 
wee the Axes df ſo ny diſtinet Pencils toms 
ing through every Point of the Lens; where 
fore little more than one ſingle Point of the Obs 
ject is ſeen at a Time, and that appears all over 
the Leut; from whence nothing but Confuſiori 
If the Lens be ſo large that both Eyes ma 
he applied to it, as in h and &, the Object wi 
appear double; for tis evident from the Figure; 
that the Rays which enter the Eye at H from 
either Extremity of the Object Aor B, do not 
proceed as from the ſame Point with that front 
whence thoſe. which enter the other at 4 ſeem 
h the Mili e te terre 


TY 


84 


upon it as if they 
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and looks upon the Object as ſituated in two- 


different Places, and therefore Judges it to be 
double. e F017 GqorT as o 

Prop. V. An Object ſeen through a concave 
Lens appears nearer, ſmaller, and leſs brighy, 
than with the naked Eye. 111d ogy ee 


Thus, let AB (Eig. 41.) be the Object, CD 


the Pupil of an Eye, and EF the Lens. Now, 
as it is the Property of a Lens of this Form, 
to render diverging Rays more ſo, and converg- 
ing ones leſs ſo, the diverging Rays GH, Gi, 
proceeding from the Point G, will be made to 
diverge more, and ſo to enter the Eye as from 
ſome nearer Point g; and the Rays AH, Bl, 
which converge, will be made to converge leſs, 
and to enter the Eye as from the Points à and 
5; wherefore the Object will appear in the di- 
tuation agb, leſs and nearer than without the 
Lens. Farther, as the Rays which proceed 
from G, are rendered more diverging, ſome of 
them will be made to paſs by the Pupil of the 
Eye which otherwiſe would have entered it, 
and therefore each Point of the Object will ap- 
2 
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From what has been obſerved about the Properties of conver 
and concave Lenſes, we may ſee the Reaſon why the former Sort 
Gar made Uſe of by oli People to help their Sight; and the latter by 
| ſe who are purblind. Old Dag, as was obſerved before, hav- 
ing the Tunica Cornea of their 


hoſe Eyes are of a juſt Form, that the Rays which enter the Pu- 
pits of their Eyes from the ſame Point of the Object, may not = 
yer 
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yes too flat, require that the Ob- 
ject be placed at a greater Diſtance from them, thay other People 
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V 
Prop. V that is, ſuch as is terminate 
rere plain Surfaces, is multiplicd thereby. 

For * — A (Fi 8. 42.) be an Ob- 

and BC a polygonous terminated b 
die pla Surfaces BD, DE, Sc. and let the 
Situation of the Eye P be ſuch, that the R 
AB being refracted in paſſing through the Gn, 
may enter it in the Direction BE, and the Rays 
AC in the Direction CF. Then will the Eye 
by means of the former, ſee the Object in &, 
and by the latter in H; and by means of the 
Rays Al, the 1 will q_ oo. in its: 
proper © Situation A. 
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Thus much for the Principles of Bunter, 
and the Solution of ſonie obvious Phænumena 
which tend to confirm the ſame: Thoſe which 
yet remain to be accounted for, ſhall, accord- 
ing to the M we have hitherto obferved, 
be treated of ir ems of this Part. | 


verge too much. e, Lens make hoſe Rays drags 
leſs, as they would naturally do if the Object was placed farther. 
off. Again, thoſe who are purblind, having the Tunica Cornea 
* too protuberant, require ſuch a Lens as may render thoſe Rays 
more diverging, leſt they ſhould be collected into their reſpective 
Fei before they fall upon the Retina; and Wann of the 


concave Sort are of Uſe to * 
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O he Horizontal Moon, 


E Phenomenon of the horizontal 
Moon is this: When the Moon is 
juſt above the Surface of the Earth, 


either immediately after ſhe is riſen, or juſt 
before ſhe ſets, ſhe appears ſour or five Times 
greater in Diameter, than when ſhe is in 
her Meridian Altitude: And yet het appa- 
rent Diameter, if taken by an Inſtrument, is 
found to ſubtend the ſame Angle in either Si- 
tuation“. N dipl 21 

The Moon's apparent Diameter being found 
to ſubtend the ſame Angle, whether ſhe be in 
the Horizon or Meridian, it is evident the 
Image of her projected upon the Retina of an 
Eye, is of the ſame Dimenſions in either Caſe; 
and therefore that ſhe ſhould appear of a diſ- 
ferent Magnitude in one Situation from what 


* What is ſaid here of the Moon's Diameter, as taken by an 
Inſtrument, muſt be underſtood of her horizontal Diameter, and 
not of her vertical one, for the Length of this is diminiſhed by 
Refraction (as explained Chap, VII. Note the firſt), and therefore 
if it be taken by an Inſtrument, it will not be found to ſubtend 
the ſame Angle in the Horizon as in the Meridian : But not- 
9 1 8 this, it appears longer to the naked Eye when in 
tnc er, than in the latter Situation, as well as the horizon- 
tal Diameter, 

ſhe 
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ſhe dots in the other, has always been Matter 
of great Speculation among the Contolſſeut s 
both in Optits and Aſtronomy. , Des Cartes 
was of Opinion, that we think the Moo largs 
er when ſhe is in the Horizon, than when ſhe 
is in the Meridian, becauſe in the formet Cafe 
by comparing her Diſtance with that of inter- 

ſed Objects, we imagine it greater than When 

e is elevated: And that as we judge her 
Piſtance greater in that Situatioi, we 6f 
Courſe think her Diameter longer, beeauſe it 
ſubtends the ſame Angle in either Caſe. But 
mote of this by and by, when we come to 
the Explication Dr. Mailit has given of this 
Matter. US ae on DES. 

. Gaſſendus was of Opinion, that becaaſe the 
Moon appears leſs bright when in the Hofizon 
than in the Meridian, we view her in the for- 
met Situation with-a larger Papil, than we dc 
in the latter; and from thence he concludes, 
that the Image of her upon the Retina muſt be 
larger. But this is contrary to the Laws of 
Optics; for if the refractive Power of the Hu- 
mours of the Eye collects the Rays of the ſe- 
veral Pencils into their reſpective Fei upon 
the Netina (and there is no Reaſon to ſuppoſe 
the contrary in this Caſe) the Breadth of the 
Pupil makes no Alteration in the Magnitude 
af the Image; becauſe the Situation of thoſe 
Foci is determined by tlie Axes of the ſeveral 
Pencils, which eroſſing each other in the Cen- 

2 ter 
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ter of the Pupil (as was ſhewn Chap. VI. pag. 
61. in the Note) paſs on to the ſame Points 
f the Retina, whether the Pupil be broad or 
Dh DT © EO SR rrnct 1 
.  Molineux in the Philoſophical TranfaQions- 
No. 187. tells us of a certain French Abbe, 
that revived the forementioned Suppoſition of 
Gafſendus, and adding two others of his own, 
endeavour d to account for this Phenomenon. 
His Suppoſitions were theſe, viz. © That this 
contracting and enlarging the Pupil ( ſup- 
poſed by Gafſendus ) cauſeth a different 
« Shape in the Eye; an open Pupil making 
the Chriſtalline flatter, and the Eye longer, 
and the narrower Pupil ſhortning the Eye, 
< and making the'Chriftalline Humour more 
« convex. The firſt attends our looking at 
Objects that are remote, or which we think 
ſo, the latter accompanies the viewing Ob- 
jects nigh at Hand. Likewiſe an open Pu- 
< pil and flat Chriftalline attends Objects of 
<« a more ſedate Light; whilſt Objects of more 
<« forcible Rays- require a greater Convexity, 
« and'narrower Pupil. From theſe Poſitions,” 
« continues Malineux, the Abbe endeavoured 
© to. give an Account of our Phenomenon, as 
« follows. When the Moon is nigh the Ho- 
« rizon, by Compariſon with interpoſed Ob- 
« je&s, we are apt to imagine her much far- 
« ther from us than when more elevated, and 


« therefore we order our Eyes as for viewing 
an 
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« an Objem farther from us; that is, we ſome- 


thing enlarge the Pupil, and thereby make 


the Chriſtalline flatter; moreover the Duſ- 
« kiſhneſs of the Moon in that Poſture does not 
« ſo much ſtrain the Sight; and conſequently 
« the Pupil will be more large, and the Chrii- 
e talline more flat; hence a larger Image ſhall 
be projected on the Fund of the Eye, and 
« therefore the Moon all appear larger. 
“f Theſe two ſorementioned Accidents, 442; 
«the Moon's-imaginary:-Diftance; and Duſ- 
kiſhneſs gradually vaniſhing as The riſes, a 
different Species is hereby introduced in the 
« Eye, and conſequently ſhe ſeems gradually 
leſs and leſa, _ wp m —_ 
{© the Horizon. 290D 19782 


As to what is * for granted in this 805 | 


lation concerning a Change in the Chriſtall ine 
Humour and Form of the Eye, upon viewing 
an Object ina dusty or faint Light, that ſeems 
to be very ill grounded. We know of no ſuch 
Connection between the Muſcles of the vit 
and thoſe of the Ligamentu Ciliaria, as is 
neceſſary to produce this Effect. And the 
Coats of the Eye are not ſo pliable, as eaſily 
to admit of an Alteration in their Form *. 


Could the Author have made good his other 


Suppoſition, a We * r ee _ 


® See what has bor 1 concerning the Power we Mn 
of making an Alteration in the Eye, i in order to ſee diftingly. 


(Chap. VI. pag. 62) 
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9 O ile Horizontal Moon, Part If; 
interpoſed Objects ue are apt to imagine ther 
much further from us, than . more ge. 
vated, - he need not have had Recodrſe to any 
other; this alone would have been ſuſficient; 
but tic Labor gt. This alone, I ſay, would 
have been ſufficient; for if by comparing her 
Diſtance with that 5 interpoſed Objects, ; we 
imagine it greater when ſne is in the Horizon, 
than hon ſhe is in the Meridian; as ſhe ſub⸗ 
tends an equal Angle in both Caſes, we 7 
in Conſequence tiereof (agreeably to Der 
Carters - Notiqn above-mentioned} imagine 
her to be bigger in the ſurmet Situation than 
in the latter; ary 4 diſtant Object cannot 
ſubtend the fame Angle at the Eye that one 
N is nearer does, unleſs i it oy 06 HY 
#9775779 30) 

Arbe ous Halls Edegviii 4 at 480 
Hoi of this Phenomenon, but it is hardly 
worth mentioning ; The Figure he has drawn 
to explain his Solution. by, ſeems to have 
been the Oceaſion of his Errour. He draws a 
Circle to repreſent that blue Surſice common- 
ly called the Sky, in which the heavenly Bo- 
dies feem to be fixed, and concentric to this, 
a leſſer, to repreſent the Surface: of the Earth, 
dee big in Proportion; ſo that 2 
Spectator upon che Surface of this Earth, is 
conſiderably nearer to the upper Part of the 


» ce Chap. VI. pag. 71 : bw * 


bother 
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other Circle than to the Sides of it: Where- 
ſore an Object that ſubtends the ſame Angle at 
different Heights, muſt neceſſarily hide a great - 
er Portion of that Ark when it is in the Hori- 
zon, than when it is in the Meridian; becauſe . 
that Ark is farther behind the Object in the 
former than in the latter Situation; from 
whence he concludes that the Moon muſt ap- 
pear bigger in that Situation than in the Me. 
ridian. Had he drawn his Circles in any tole- 
rable Proportion to that which he deſigned 


them to repreſent, he would eaſily have ſeen. 


his Miſtake. | } 

A few Years ago Mr. De Veil publiſhed a 
Treatiſe upon the Subject of the horizontal 
Moon, which he dedicates to the Ladies of 
Northampton. If I remember right, his Solu- 
tion of it was in the following Manner. 1. 
When an Object is placed beyond the Focus of 
parallel Rays of a convex Lens, the farther. 
the Eye (ſituated on the other Side the Lent) 
recedes from it towards the Focus. of the Rays 
which flow from that Ohject, the larger that 
Object appears. 2. Rays of Light flowing 
from the Moon, and paſſin thro' the Atmeſ- 
phere of the Earth, afe collected into a Focus 
on the other Side of it. 3. When the Moon. - 
is in the Horizon, we are nearer to this Focus 
by almoſt a Semidiameter of the Earth, than 
when ſhe is in the Meridian: And therefore 
the Moon ought to appear larger when in the 
former than in the latter Situation. * kak 


ry 
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The ſecond Propoſition in this Solution is 
true, but not applicable in the preſent Caſe; 
for unleſs we conſider the Refraction that Rays 
of Light which flow from the Moon, and paſs 
through the Atmoſphere of the Earth, ſuffer 
in their Emerſion, that is, while they paſs thro? 
the latter half of it, as well as that which they 
ſuffer in their Immerſion, or while they paſs 
through the former half, we ſhall find that 

hey will not be collected into their reſpective 
Foci on the other Side the Earth, as this Gen- 
tleman imagines: Which if it can be ſhewn, 
his Solution falls to the Ground of Courſe; 
for the Refraction which the Rays ſuffer in 
their Emerſion is not to be taken into Conſide- 
ration, becauſe they reach the Eye of a Spec- 
tator upon the Earth as foon as they have paſ- 
ſed through the firſt half of the Atmoſphere, 
when the Moon is in his Horizon; and before 
they have paſſed through that half, when ſhe 
is in his Meridian. * | 

Let us then imagine two Rays flowing from 
one and the ſame Point of the Surface of the 
Moon, it being neceſſary in order to conftitute 
4 Focus that fuch Rays ſhonld after Refraction 
meet in a Point; the meeting of ſuch as flow 
| from different Points in the fame Surface is not 
ſufficient; if it were, we might then have Focz 
where we pleaſed, and that as well without 
refradting or reflecting Surfaces as with them. 
And let the firſt of thoſe Rays fall perpendicu- 
larly upon the Atmoſphere of the Earth, * 
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be ſuppoſed to paſs through the Center of its 
and let the other after Refraction paſs by the 
Surface of the Earth. Now the Moon's Pa- 
rallax, that is, the Angle under which the Se- 
midiameter of the Earth is ſeen from the Moon, 
being about one Degree, it is evident that theſe 
Rays muſt, before their Incidence upon the 
Earth's Atmoſphere, diverge the one from the 
other by ſuch an Angle. But it appears from 
Sir Iſaac Newton's Table of Refrations pub- 
liſhed by Dr. Halley in the Philoſophical Tranſ- 
actions, No. 368, that when any of the Heaven- 
ly Bodies appears in the Horizon, the Rays by 
which it is ſeen, are refracted but by an Angle 
of thirty three Minutes and forty ſive Seconds; 
and therefore the Ray which we have ſuppoſed 
after Refraction to paſs by the Surface of the 
Earth, will be refracted only by ſuch an An- 
le. Which falling conſiderably ſhort of one 
egree, the Angle by which it diverged ſrom 
the perpendicular one before Refraction; it will 
be 4 far from being made to converge towards 
it thereby, that it will ſtill be in a State of 
Divergency from it. And therefore Rays flow 
ing from the Moon and refracted only in their 
Immerſion into the Atmoſphere of the Earth, 
will not be collected into their reſpective Foes 

on the other Side: Which was to be ſhewn. 
Dr. Wallis in the Philoſophical Tranſactions 
No. 187, gives us a Solution of the horizontal 
Moon (or rather an Explication of what Des 
Cartes had giyen before) which is as follows, 
M 2 He 
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He aſcribes this Phanomenon to the Deception 
of the Imagination, and accounts for that De, 
ception in the following Manner. He obſerves 
firſt, that the Imagination doth not eſtimate 
the Greatneſs of an Object ſeen, by the optic 
Angle only, but by this compared with the 
ſuppoſed Diſtance. So that if two Things are 
ſen under the ſame or equal Angles, and if 
upon any Account whatever we apprehend one 
of theſe to be farther from us than the other, 
that which we apprehend to be farther from 
us, will to the Imagination appear greater. 
Secondly, That one great Advantage for eſti- 
mating the apparent Diftance of any Thing, 
is from the Variety of intermediate Objects be- 
tween the Eye and the Thing ſeen; for then 
the Imagination muſt allow Room for all thoſe 
Things. wk dag) + 
« Now ſays he, when the Sun ® or Moon is 
* near the Horizon, the Proſpe& we have of 
 « Hills and Vallies, Plains and Woods, Gc. 
“ repreſent to our Imagination a great Diſ- 
« tance capable of receiving all theſe. Or if 
it happens that theſe interpoſed Objects are 
„not actually ſeen; yet having been accuſ- 
* tomed to ſee them, the Mendy ſuggeſts to 
* us a View as large as is the viſible Horizon. 
$ But when the Sun or Moon is in an high- 
er Poſition, we ſee Nothing between us and 
„them (unleſs perhaps ſome Clouds) and 


* For the Sun appears larger in the Horizon, as well as the 
Moon. * hv 
there: 
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« therefore Nothing that can preſent to our 
Imagination ſo great a Diſtance as the other 
« is, And therefore though both be ſeen un- 
« der the ſame Angle, they do not appear (to 
« the Imagination) of the ſame Bigneſs, be- 
« cauſe not fanſied at the ſame Diftance : But 
« that near the Horizon is judged bigger (be- 
« cauſe ſuppoſed farther off) than the ſame, 
s when at a greater Altitude. 


This is the Solution which has hitherto ge- 


nerally received; but I am told that a 
more probable one will ſhortly be given by 
Dr. Smith, Plumian Profeſſor in the Univerſity 
at Cambridge, in a Treatiſe of Optics he is 
now preparing for the Preſs. 

If I might be allowed to mention any Thing 
of my own, after theſe great Genms's have 
iven their Opinions upon this Matter, it ſhould 
this, vis. That I have often thought, that 
he who would give a rational Account, why 
the Sun or Moon appears farther from us in the 
Horizon, than in the Meridian (for that is all 
that is requiſite towards a Solution of the Ho- 
rizontal Moon, as has been already obſerved) 
ſhould firſt ſhow, why that apparent azure 
Surface we call the Sky, does not ſeem to be 
an entire concave Hemiſphere, but only a Por- 
tion of ſuch an one. For our judging the Hea- 
vens to be no more than ſuch a Portion, is un- 
doubtedly the Cauſe why we judge both the 
Sun, Moon, and Stars to be farther from us 
when in the Horizon, than in the Meridian; 

becauſe 
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becauſe we have Nothing elſe we can refer 
their Places to, but that. 
Now poſſibly the Cauſe why we think the 
Heavens of that Form, may aſter all be only 
this, vis. that, as the Rays which come from 
the upper Parts of that imaginary Surface the 
Sky, paſs through a lets Portion of the Aumoſ 
here, than ſuch as come from the horizontal 
arts of it, the Sky appears to us more 4, 
tinctiy and generally more bright in thoſe 
Parts, than in the latter; and thereſore, ſince 
we daily obſerve that thoſe Objects which ap · 
pear moſt diſtimct, are, generally ſuch as are 
weareſt to us; and alſo as bright Objects, 
when we have Nothing but bare Imagination 
to determine us inc eſtimating the Diſtance of 
them, appear nearer to us than the ſame 
Objeds when leſs! ſo d, we think the upper 
Parts of the Sky'| nearer us than the lower. 
Whercfore, ſince we refer all the heavenly Bo- 
dies to this Surface, we neceſſarily imagine 
them farther from ùs, and conſequently larger, 
and alſo more diſtant from each other , when 
near the Horizon, than en Op! are arrived 
at their meridian Minne. ha 
er br lent og of 
Raps n W * ere .it appears nearer us, under rap. 3. 


1 The apparent horizontal Diſtance of two Stars from one 
another, is obſerved to be greater when they are in the Horizon, 


than in the a 1 4 AP 68 


